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(57) For a reforming device that generates fuel gas 
for fuel cells by decomposing hydrocarbon compounds 
such as natural gas and then using a hydrogen separa- 
tion composite to selectively transmit hydrogen, a hy- 
drogen separation composite having the following struc- 
ture is used. A porous support medium made of ceram- 
ics, etc. is formed, and a hydrogen separation metal is 
supported in the pores so as to fill the inside of the sup- 
port medium. It is also possible to support a reforming 
catalyst. By doing this, it is possible to increase the area 
at which the hydrogen separation metal contacts gas, 
so the hydrogen transmission performance is in- 
creased. Furthermore, to prevent raw material gas leaks 
due to pin holes, high pressure gas is supplied to the 
hydrogen extraction side, and the total pressure is made 
higher than the pressure on the raw material gas supply 
side without making the hydrogen partial pressure high- 
er. By using these means, it is possible to increase the 
hydrogen separation performance for the reforming de- 
vice and to make the device more compact. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a fuel gas gen- 
erating device that generates hydrogen-rich fuel gases 
supplied to fuel cells from a specified raw material that 
contains hydrogen atoms such as hydrocarbon, alcohol, 
ether, and aldehyde, and relates to composites for hy- 
drogen separation used to separate hydrogen from gas 
generated by said fuel gas generating device. 

BACKGROUND ART 

[0002] What has been proposed is a fuel cell that gen- 
erates electromotive force by comprising a hydrogen 
pole and oxygen pole that sandwich an electrolytic layer 
that transmits hydrogen ions and which causes a reac- 
tion expressed by the following reaction formulas with 
the hydrogen pole and oxygen pole, respectively. 
Hydrogen pole: 

H 2 2H+ + 2e- 

Oxygen pole: 

(1/2) O s + 2H + + 2e- H 2 0 

[0003] For a system that uses this kind of fuel cell as 
a power supply, hydrogen gas must be supplied on the 
hydrogen pole side. For supplying hydrogen gas, there 
is a method that directly uses reserve hydrogen gas us- 
ing a hydrogen occluded alloy or the tike, and a method 
that uses hydrogen that is drawn by a chemical reaction 
such as a reforming reaction from a specified raw ma- 
terial such as methanol and natural gas prepared as fu- 
el. Fuel such as natural gas is generally decomposed to 
a mixed gas that contains hydrogen by a reaction such 
as the one shown by the following formulas. 

C n H m + nH 2 0 -> nCO + (n + m/2) H 2 ; 

C n H m + 2nH 2 0 -> nC0 2 + (2n + m/2) H 2 ; 

[0004] It is also possible to directly supply mixed gas 
to a fuel cell, but in addition to reactions at the electrode 
being hindered due to a drop in the hydrogen partial 
pressure at the electrode, there is also the risk of other 
ill effects such as having stable reactions being hindered 
due to toxification by carbon monoxide at the electrode, 
so normally, the mixed gas is supplied to the fuel cell 
after a process for reducing the carbon monoxide con- 
centration or a process for separating only hydrogen is 
performed. 



[0005] For these reactions, to separate hydrogen 
from the generated gas, a hydrogen separation film that 
has a property of selectively transmitting only hydrogen 
is used. Items known as hydrogen separation films are 

5 films formed with palladium or a palladium silver alloy, 
or items for which these metals are coated on a porous 
support medium such as ceramic. A hydrogen separa- 
tion film has a property of moving hydrogen in a film by 
the difference in the hydrogen partial pressure on the 

10 front side and back side of the film, and can separate 
hydrogen from mixed gases using this properly. 
[0006] Specifically, as technology relating to a hydro- 
gen separation film that uses a porous support medium 
and the manufacturing method thereof, there are the 

15 technologies noted in JAPANESE PATENT LAY- 
ING-OPEN GAZETTE No. 1-266833 and JAPANESE 
PATENT LAYING-OPEN GAZETTE No. 63-171 61 7, for 
example. The former is technology that relates to the 
method of manufacturing a hydrogen separation film 

20 that suppresses the generation of pin holes, whereby a 
thin film of metal LaNi 5 that has hydrogen separating 
properties is formed using a sputtering method on a per- 
meable porous substrate formed by a sintered body of 
stainless steel metal powder, etc. With this technology, 

25 when doing this, by adjusting the sputtering emission 
direction, a hydrogen separation film with no pin holes 
is formed on the surface layer of the porous substrate. 
[0007] The latter is technology that tries to improve 
things such as transmissivity, heat resistance, and sep- 

30 aration properties at high temperatures by forming a hy- 
drogen separation film on an inorganic porous film with 
palladium supported. By loading palladium using a pres- 
sure reduction degassing method onto an inorganic po- 
rous film that underwent vapor deposition processing 

35 with palladium in advance, palladium is supported in the 
pores, and a hydrogen separation film is formed. More 
specifically, proposed are items such as a thin film with 
a palladium thin film formed on the surface of a porous 
film with part of this going into the pores as an anchor, 

40 and a thin film for which fine particle palladium is sup- 
ported in the inner walls of the pores. 
[0008] However, with hydrogen separation films of the 
prior art, there were problems in that the film thickness 
was thick and the hydrogen transmission speed was 

45 slow. There were also problems of it being easy for pin 
holes to occur in the hydrogen separation film and mixed 
gas leaking on the purge side. 

[0009] For example, with the technology noted in 
JAPANESE PATENT LAYING-OPEN GAZETTE 

so 1 -266833 described above, a hydrogen separation film 
is formed on the surface of a porous substrate, so the 
overall thickness of the hydrogen separation part una- 
voidably became larger. Also, if an attempt was made 
to sufficiently prevent pin holes, the film thickness of the 

55 hydrogen separation film again became unavoidably 
thicker. The hydrogen separation film noted in JAPA- 
NESE PATENT LAYING-OPEN GAZETTE 63-171617 
has palladium supported into the pores of the porous 
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film, but with a palladium thin film formed on the surface, 
part of this entered the pores, or fine particle palladium 
is supported in the inner walls of the pores, and it does 
not extend beyond this level, so the effect was not suf- 
ficient. 

~[00T0] — Howeverrinrecent-years7studies~have~been 
done for incorporating fuel cells in things such as vehi- 
cles, so the demand for fuel cell systems to become 
more compact is especially marked. It is known that the 
transmission speed for the hydrogen separation film is 
proportional to the surface area of the separation film 
and. inversely proportional to the film thickness, and 
when using a hydrogen separation film of the prior art, 
in addition to devices becoming larger due to the film 
thickness being thick, it becomes necessary to compen- 
sate for the thickness of the film using the surface area, 
so it was not possible to make the separation part suf- 
ficiently compact. Also, to avoid gas leaks due to pin 
holes, the film thickness tends to become thicker, which 
is an obstacle to making the separation part more com- 
pact. Moreover, when forming a fuel gas generating de- 
vice without using a hydrogen separation film, it is nec- 
essary to have something like a part that reduces the 
concentration of carbon monoxide contained in the 
mixed gas, which causes the device to become even 
larger. To try to make this kind of fuel cell system more 
compact, it is necessary to use a hydrogen separation 
film in the fuel gas generating device; and to satisfy the 
requirement of making devices markedly more compact 
in recent years, it has become necessary to further in- 
crease the hydrogen separating performance and to re- 
liably avoid ill effects due to pin holes. 

DISCLOSURE OF THE INVENTION 

[0011] The goal of the present invention is, for a de- 
vice for generating fuel gas forfuel cells, to provide tech- 
nology that makes the fuel gas generating device more 
compact. 

[0012] To achieve this goal, with the present inven- 
tion, first, a composite for hydrogen separation that has 
excellent hydrogen separation performance is used. 
Second, a structure that increases the hydrogen sepa- 
ration performance is used for the fuel gas generating 
device. With these inventions, it is possible to increase 
the hydrogen separation speed while avoiding ill effects 
such as pin holes, and to try to make the fuel gas gen- 
erating device more compact. Of these inventions, the 
structure used for the fuel gas generating device does 
not have the hydrogen separation composite of the 
present invention as an absolute prerequisite, but if the 
hydrogen separation composite of the present inven- 
tions is used, it is obvious that there is the advantage of 
being able to make the fuel gas generating device more 
compact. Following, we will explain the hydrogen sepa- 
ration composite and its manufacturing method as well 
as the structure used for the fuel gas generating device 
in sequence for the present invention, and furthermore, 



we will explain a fuel cell system that uses this fuel gas 
generating device. Note that in the field of industrial use 
related to fuel cells, these inventions have a relationship 
for the common problems of increasing the hydrogen 

5 separation performance and making the device more 

compact ~~ 

[001 3] The first hydrogen separation composite of the 
present invention 

is a hydrogen separation composite that is struc- 

10 tured by supporting at least a hydrogen separating metal 
on a porous support medium, and that selectively trans- 
mits the hydrogen in gas, 

and is characterized in that said hydrogen sepa- 
ration metal is made smaller than the diameter of the 

is pores of said porous support medium, and is supported 
in a state where the pores of said porous support medi- 
um are filled within said porous support medium. 
[0014] In this case, it is preferable that said hydrogen 
separation metal is supported in film form within said 

20 pores. 

[0015] When a mixed gas that contains hydrogen, 
carbon monoxide, etc. penetrates from one surface of 
this hydrogen separation composite? the mixed gas tries 
to pierces the pores of the hydrogen separation com- 

25 posite and pass through to the other surface. At this 
time, for the hydrogen separation composite of the 
present invention, the pores are filled by the hydrogen 
separation metal, so it is possible to [selectively transmit 
hydrogen only. It is known that generally, the hydrogen 

30 transmission speed based on the separation film formed 
using a hydrogen separation metal is proportional to the 
surface area for which the metal contacts the mixed gas, 
and is proportional to the film thickness of the separation 
film. The hydrogen separation composite of the present 

35 invention can greatly increase the contact area between 
the hydrogen separation metal and the hydrogen by 
supporting hydrogen separation metal within the pores. 
Therefore, it is possible to increase the hydrogen trans- 
mission speed and to decrease the thickness of the lay- 

40 er on which the hydrogen separation metal is supported. 
When using as the hydrogen separation metal palladi- 
um or a palladium alloy, it is possible to make the thick- 
ness of the layer thin at approximately 1/10 or less. By 
doing this, it is possible to contribute to making the fuel 

45 gas generating device more compact while also de- 
creasing the volume of hydrogen separation metal, 
which also gives the advantage of being able to reduce 
the manufacturing cost of the hydrogen separation com- 
posite. Also, if the hydrogen separation metal is support - 

50 ed in film form within the pores, it is possible to make 
the thickness of each film thinner, and also to increase 
the contact area of the hydrogen separation metal and 
the mixed gas, so the hydrogen transmission speed can 
be increased even further. 

55 [0016] The hydrogen separation composite of the 
present invention supports the hydrogen separation 
metal so as to fill the pores, so there is also the advan- 
tage of so called pin holes not forming easily. Generally, 
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if the film thickness of the hydrogen separation metal is 
made thin, there is the problem of pin holes occurring 
easily, but with the present invention, hydrogen separa- 
tion metal is supported in the porous pores, so it is pos- 
sible to make the film thinner without bringing on this 
problem. 

[0017] Here, we will give a more specific explanation 
of the significance of the hydrogen separation compos- 
ite of the present invention by comparing it with the prior 
art. As prior art, we can list the technology noted in JAP- 
ANESE PATENT LAYING-OPEN GAZETTE 1-266833 
and the technology noted in JAPANESE PATENT LAY- 
ING-OPEN GAZETTE 63-171617 as explained previ- 
ously. The common point of these technologies and the 
present invention is that a hydrogen separation film is 
formed based on a porous support medium, but with the 
prior art, in contrast to the fact that as a result part of the 
hydrogen separation metal stopped at being supported 
in the pores of the porous support medium, with the 
present invention, the difference is that the hydrogen 
separation metal is supported to the level of filling the 
pores within the porous support medium, and mainly the 
hydrogen separation metal is supported within the po- 
rous support medium. 

[001 8) For the hydrogen separation film noted in JAP- 
ANESE PATENT LAYING-OPEN GAZETTE 1-266833, 
as is shown in figure 2 (b) of said bulletin, the hydrogen 
separation metal is formed on the surface layer of the 
porous support medium. Also, for the hydrogen separa- 
tion film noted in JAPANESE PATENT LAYING-OPEN 
GAZETTE 63-1 71 61 7, as is noted in the working exam- 
ple of said bulletin, a palladium thin film is formed on the 
surface, with part of this enteringthe pores as an anchor, 
and palladium being supported on the inner walls of the 
pores. In either case, the hydrogen separation metal 
does not reach the point where it fills the pores within 
the porous interior, and while pin holes are essentially 
prevented by the surface layer hydrogen separation 
metal layer, this is nothing more than the hydrogen sep- 
aration being essentially done by the hydrogen separa- 
tion metal surface of the surface layer. With the hydro- 
gen separation films disclosed in the prior art examples, 
if the hydrogen separation metal layer formed on the 
surface layer is removed, we can see that it will not be 
possible to perform hydrogen separation sufficiently. 
For the prior art, the porous support medium is used for 
nothing more than to ensure mechanical strength with 
the process of making a thin film. 
[0019] In contrast to this, with the hydrogen separa- 
tion composite of the present invention, a big point of 
difference with the prior art is the fact that the layer that 
separates the hydrogen is formed mainly inside the po- 
rous support medium. In other words, the present inven- 
tion was created based on the goal of being able to 
greatly increase the contact area of the hydrogen sep- 
aration metal and the mixed gas if the hydrogen sepa- 
ration metal is supported to a degree that it will fill the 
pores and the hydrogen is separated mainly within the 



porous structure, and this point is clearly a basic differ- 
ence from the prior art for which hydrogen separation is 
performed at the surface layer that is formed by a hy- 
drogen separation metal alone. With the present inven- 
5 tion, in contrast to the prior art that tried to simply make 
the film thinner while keeping the mechanical strength 
in order to increase the hydrogen separation perform- 
ance, there is a big technical difference in that the in- 
vention provides a different approach of increasing the 
contact area between the mixed gas and hydrogen sep- 
aration metal. As a specific means for this approach, the 
hydrogen separation composite of the present invention 
supports hydrogen separation metal inside the porous 
support medium, and by doing this, it exhibits the excel- 
lent effect of being able to further prevent pin holes while 
maintaining mechanical strength. 
[0020] Note that "fill" here means the hydrogen sep- 
aration metal being supported at a sufficiently high den- 
sity in the pores. It is preferable that the hydrogen sep- 
aration metal be supported in a state that is completely 
airtight in the pores, but the invention is not absolutely 
limited to this. 

[0021] From this perspective, the hydrogen separa- 
tion composite of the present invention, or put another 
way, said hydrogen separation metal can be said to be 
characterized by being made finer than the diameter of 
the pores of said porous support medium, and by mainly 
being supported in the pores inside said porous support 
medium. With the prior art, there was nothing more than 
part of the hydrogen separation metal being supported 
inside the pores, and in contrast to this, it is possible to 
obtain the aforementioned effect by the major part being 
supported within the pores. 

[0022] The first hydrogen separation composite of the 
present invention can be manufactured by the following 
manufacturing method, for example. 
[0023] The first manufacturing method is a manufac- 
turing method using the so called impregnation support 
method, which is a manufacturing method comprising: 

a process of forming said porous support medium, 
a process of forming a solution that contains the 
substance to be supported for being supported in 
said pores, 

and a process of precipitating mainly said sub- 
stance to be supported in the holes of said porous 
support medium after impregnating said solution In 
said porous support medium. 

[0024] The substance to be supported contains at 
least a hydrogen separation metal, but it is not limited 
only to hydrogen separation metals. The porous support 
medium can be formed from a variety of materials, with 
it being possible to use ceramics, for example. A variety 
of solutions can be selected according to the hydrogen 
separation metal, and when using palladium as the hy- 
drogen separation metal, for example, it is possible to 
use palladium nitrate, for example, as the aforemen- 
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tioned solution. With processes for which a solution is 
contained in the porous support medium, it is also pos- 
sible to simply dip the porous support medium into the 
solution, or to dip one side in the solution while degas- 
sing from the other side. 
~[0025] ~The~se~cWd"rtTalTOf a 
facturing method comprising 

a process of forming said porous support medium, 
: a process of forming a viscous paste that can pen- 
i-.etrate said pores by taking the substance to be sup- 
- ported to support in said pores while keeping this 
the same or smaller than the pore diameter of said 
porous support medium and mixing it with an organ- 
ic solvent, 

and a process of, after coating said paste onto said 
porous support medium, baking, and mainly sup- 
porting said substance to be supported in the holes 
of said porous support medium. 

[0026] The organic solvent is burned off by the burn- 
ing process, so the substance to be supported can be 
supported on the porous support medium. For the proc- 
ess of coating the aforementioned paste, to help pene- 
tration into the pores, a process such as degassing from 
the side facing the coated side is also suitable. For this 
organic solvent, it is possible to use many diverse sol- 
vents according to the type of substance to be support- 
ed, etc., so for example, a polymer can be used. 
[0027] The third manufacturing method is a manufac- 
turing method comprising 

a process of generating fine particles that form said 
porous support medium, fine particles of said sub- 
stance to be supported that is supported, and a 
compound of the organic solvent, 
and a process of supporting said substance to be 
supported in the holes of said porous support me- 
dium by molding said compound and baking it. 



[0028] As with manufacturing method B, by burning 
off the organic solvent, it is possible to form the hydro- 
gen separation composite of the present invention. 
[0029] Forthe third manufacturing method, forthe fine 
particles that form said porous support medium, it is also 
possible to support the fine particles of the substance to 
be supported in advance and to mix this with the organic 
solvent. An example of a method of supporting in ad- 
vance includes a method of dipping the fine particles 
that form the porous support medium into the solvent of 
the substance to be supported and then drying. If fine 
particles of the substance to be supported is supported 
in advance on the fine particles that form said porous 
support medium, then the support aspect of the sub- 
stance to be supported for the hydrogen separation 
composite that is ultimately obtained has the advantage 
of being able to be relatively adjusted as shown below. 
First, it is possible to adjust the support volume of the 
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substance to be supported. Second, when there are 
multiple substances to be supported, it is possible to ad- 
just the support volume for each substance to be sup- 
ported. Also, by biasing by centrifugal separation, etc. 
each substance to be supported of the fine particles of 
~the~supporting porous supportTnedium7iris possible to 
form each of the composites that is supported in layer 
form relatively easily. Third, when there are multiple 
types of both the substance to be supported and the po- 
rous support medium, the support combinations can be 
adjusted. One can support the substance to be support- 
ed on the porous support medium in advance in combi- 
nations that are easy to get used to or in combinations 
that exhibit special effects. 

[0030] With methods such as the first to third manu- 
facturing methods described above, it is possible to fur- 
ther provide a process that forms said hydrogen sepa- 
ration metal within said pores by, after forming a porous 
support medium for which a hydrogen separation metal 
is supported in the pores, then baking said porous sup- 
port medium. 

[0031] By doing this, it is possible to form a film that 
fills inside the pores by the hydrogen separation metals 
that are supported as fine particles inside the pores 
bonding with each other. The baking temperature when 
doing this must be set suitably according to things such 
as the type of hydrogen separation metal and the diam- 
eter of the pores. However, the hydrogen separation 
metal is made to be extremely fine, so it is not absolutely 
necessary to raise the temperature to the melting point. 
[0032] In comparison to the first hydrogen separation 
composite described above, the second hydrogen sep- 
aration composite of the present invention is character- 
ized by having supported at the pores inside said porous 
support medium a catalyst that can be suitably used for 
a reforming reaction that generates hydrogen from a 
specified raw material. 

[0033] In this case, it is even more preferable that said 
hydrogen separation metal and said catalyst be support- 
ed in layer form inside said porous support medium. 
[0034] A catalyst is contained in the second hydrogen 
separation composite, so it is possible to perform a re- 
forming reaction and hydrogen separation with this 
alone, making it possible to make the fuel gas generat- 
ing device smaller. If the hydrogen separation metal and 
catalyst are mixed inside the porous support medium, 
though the concerned effect can be obtained, because 
both of these are provided in layer form, it is possible to 
do the reforming reaction and hydrogen separation in 
sequence, so it is possible to make even more effective 
use of the hydrogen separation metal. Also, with the 
second hydrogen separation composite, there is also 
the advantage of being able to have the catalyst contact 
the mixed gas over a broad area, making it possible to 
promote the reforming reaction. 

[0035] For the second hydrogen separation compos- 
ite for which said hydrogen separation metal and said 
catalyst are supported in layer form inside said porous 
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support medium, 

it is also possible to support said catalyst in a less 
dense stale than said hydrogen separation metal within 
said porous support medium. 

[0036] Said another way, this means that the diffusion 5 
properties of the catalyst are higher than those of the 
hydrogen separation metal. By doing this, it is possible 
to increase the contact area of the catalyst and the raw 
material gas, which makes it possible to promote the re- 
forming reaction further. 

[0037] To support using the concerned embodiment, 
for example, with a layer for which said hydrogen sep- 
aration metal is supported and a layer for which said cat- 
alyst is supported, it is possible to have different physical 
structures for said porous support medium. 
[0038] As a physical structure, for example, there are 
items including the diameter of the pores of the porous 
structure, or the percentage per unit area occupied by 
pores (hereafter referred to as porosity). For example, 
if the diameter of the pores on the side on which the 
catalyst is supported is made larger, then it is possible 
to do high dispersion of the catalyst. It is also possible 
to increase the porosity on the side on which the catalyst 
is supported. 

[0039] For the second hydrogen separation compos- 
ite for which said hydrogen separation metal and said 
catalyst are supported in layer form inside said porous 
support medium, it is also suitable to form the layer on 
which said hydrogen separation metal is supported and 
the layer on which said catalyst is supported using po- 
rous support mediums of different compositions. 
[0040] It is generally known that there are cases when 
the characteristics of the substance to be supported in- 
crease according to the combination of the substance 
to be supported and the composition of the porous sup- 
port medium. Therefore, on the side on which the cata- 
lyst is supported, by using a porous support medium that 
exhibits an effect of increasing the catalytic activity, it is 
possible to promote the reforming reaction. As an ex- 
ample, when using a rhodium noble metal as the cata- 
lyst, it is possible to increase the catalytic activity by us- 
ing ceria particles Tor the porous body. On the other 
hand, on the side for which the hydrogen separation 
metal is supported, by using a porous support medium 
which is easy for the hydrogen separation metal to get 
used to, it is easier to support the hydrogen separation 
metal densely within the pores, and to support the hy- 
drogen separation metal in film form. When using a pal- 
ladium noble metal as the hydrogen separation metal, 
it is easier to attach the hydrogen separation metal in 
film form by using alumina particles in the porous sup- 
port medium. 

[0041] For the first through third manufacturing meth- 
ods explained previously regarding the first hydrogen 
separation composite, the second hydrogen separation 
composite can be manufactured by using a hydrogen 
separation metal and a catalyst as the substance to be 
supported. Furthermore, when providing both items in 



layer form, it is also possible to manufacture this using 
the fourth through sixth manufacturing methods noted 
below. 

[0042] The fourth manufacturing method of a hydro- 
gen separation composite is a manufacturing method 
comprising: 

(a) a process of forming a first porous support me- 
dium for which said hydrogen separation metal is 
supported within the pores, 

(b) a process of forming a second porous support 
medium for which said catalyst is supported within 
the pores, and 

(c) a process of unifying said first and second po- 
rous support medium by joining them. 

[0043] In other words, this is a method with which the 
layer that supports the hydrogen separation metal and 
the layer that supports the catalyst are manufactured by 
separate processes, and these are joined together as 
one unit. By doing this, not only is it possible to easily 
support the hydrogen separation metal and catalyst in 
layer form, but it is also easily possible to realize support 
of the catalyst in a less dense state than the hydrogen 
separation metal and to change the support volume of 
both items. Therefore, with the concerned manufactur- 
ing method, it is possible to relatively easily form a hy- 
drogen separation composite that has properties suita- 
ble for reforming reactions and hydrogen separation. 
[0044] For the concerned manufacturing method, it is 
also possible to bake said first porous support medium 
before said process (c), and to have a process by which 
a film of said hydrogen separation metal is formed within 
the pores of said porous support medium. 
[0045] By doing this, it is possible to support the hy- 
drogen separation metal in film form inside the porous 
support medium, and to further increase the hydrogen 
separation speed. 

[0046] The fifth manufacturing method of a hydrogen 
separation composite is a manufacturing method com- 
prising: 

a process of generating a mixture of fine particles 
that form said porous support medium, fine particles 
of said hydrogen separation metal, fine particles of 
said catalyst, and an organic solvent, 
a process of biasing the distribution of each fine par- 
ticle within said mixture using centrifugal separa- 
tion, and 

a process of molding and baking said mixture. 

[0047] For the concerned manufacturing method, it is 
also possible to include at least two types of fine parti- 
cles with different specific gravities for the fine particles 
that form said porous support medium. 
[0048] By using the concerned manufacturing meth- 
od, it is possible to simultaneously form the layer that 
supports the catalyst and the layer that supports the hy- 
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drogen separation metal using one process, which 
makes it possible to simplify the manufacturing process. 
Also, by including two different types of fine particles 
with different specific gravities as the porous support 
medium, it is possible to change the composition of the 
~po ro us~s upp'o rt~m e d i urn" by "t h erlay er ~t h at~s u pp o rts~t h e~ 
catalyst and the layer that supports the hydrogen sepa- 
ration metal. Furthermore, by adjusting the specific 
gravity of the organic solvent to be about the same as 
that of the catalyst, as a result of the organic solvent 
being biased to the layer that supports the catalyst, it is 
also possible to increase the porosity of this layer and 
to increase the diameter of the pores. For the concerned 
manufacturing method, as was explained with the third 
manufacturing method previously, it is preferable to re- 
spectively support fine particles of hydrogen separation 
metal and fine particles of the catalyst in advance in the 
fine particles that form the porous support medium. By 
doing this, it is possible to obtain the various effects de- 
scribed previously with the third manufacturing method. 
[0049] The sixth manufacturing method of a hydrogen 
separation composite is a manufacturing method com- 
prising: 

a process that impregnates a solution that contains 
one of said hydrogen separation metal or catalyst 
in said porous support medium, 
a process that precipitates the elements contained 
in the solution after biasing the distribution of said 
solution in the thickness direction by having an en- 
. vironment that satisfies at least one of the condi- 
tions of having the porous support medium that is 
- impregnated with said solution have a differential 
between the fluid pressure that works on one sur- 
face in the thickness direction and the fluid pressure 
that works on the other surface, or the condition of 
centrifugal force working in the thickness direction, 
and 

a process of precipitating within the pores after im- 
pregnating a solution that contains the other of said 
hydrogen separation metal and the catalyst in said 
porous support medium. 

[0050] The condition of having a differential in the fluid 
pressure can be realized by blowing air to one side of 
the porous support medium, for example. Of course, the 
air pressure must be blown at a high enough level to 
move the solution in the pores and within a range sup- 
pressed to a level that keeps the air from being blown 
to the other side of the porous support medium. Note 
that the blown fluid does not have to be air, so it is pos- 
sible to use an inert gas that does not affect the hydro- 
gen separation metal or catalyst, so that various fluids 
can be used. For the pressure difference of the fluid, 
besides the method of blowing from one side, it is also 
possible to reduce the pressure of the other side. 
[0051] For the first and second hydrogen separation 
composites of the present invention, it is also possible 



to form a flat film of thickness approximately 0.1 mm to 
5 mm, but it is preferable to mold to a shape that has 
bumps in the thickness direction. For example, if the 
substance to be supported, the fine particles of the po- 

5 rous support medium, and the organic solvent are 
mixedrand"baking^isnlonie _ after"mording"to~a~form~that~ 
has bumps, it is possible to form the concerned shape. 
It is also possible to support the substance to be sup- 
ported by using a method such as a method that sup- 

10 ports by impregnating into a porous support medium 
which was formed in a bumpy shape in advance. If this 
kind of bumpy form is used, it is possible to increase the 
contact area of the raw material gas and the mixed gas 
per unit area for the hydrogen separation composite, so 

15 it is possible to make the fuel gas generating device 
more compact. 

[0052] For the first and second hydrogen separation 
composites of the present invention, regardless of 
whether this is molded in a bumpy form, a porous ma- 

20 terial having a thickness for which it is possible to ensure 
mechanical strength can be joined on at least one side 
in the thickness direction. In this case, the porous ma- 
terial carvhave the same or a different composition than 
the porous support medium that forms the hydrogen 

25 separation composite. For joining of the items, it is pos- 
sible to use various methods that supply various gases 
to the hydrogen separation composite and that do not 
hinder extraction. 

[0053] Next, we will explain the fuel gas generating 
30 device of the present invention. 

[0054] For a fuel gas generating device that gener- 
ates hydrogen-rich fuel gas from a specified raw mate- 
rial, the present invention comprises: 



35 



40 



45 



the hydrogen separation composite of the present 
invention, 

a supply unit that supplies a mixed gas containing 
hydrogen generated by a chemical reaction from 
said raw material to said hydrogen separation com- 
posite, and 

an extraction unit that extracts hydrogen separated 
by said hydrogen separation composite. With the 
concerned structure, it is possible to separate hy- 
drogen efficiently at the extraction unit using the hy- 
drogen separation composite, and to increase the 
fuel gas generating efficiency. 



[0055] Of the hydrogen separation composites of the 
present invention, when using a hydrogen separation 

so composite equipped with a catalyst and hydrogen sep- 
aration metal in metal form, it is preferable that the layer 
in which said catalyst is supported be placed on said 
supply side. By doing this, it is possible to efficiently re- 
alize the generating process which is a process of re- 

55 forming the raw material gas supplied from the supply 
side at the layer in which the catalyst is supported and 
then separating hydrogen at the layer in which the hy- 
drogen separation metal is supported. 
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[0056] For the fuel gas generating device of the 
present invention, 

it is preferable to have a structure whereby the 
flow path that supplies said mixed gas along said supply 
surface on said supply side has a cross section area 5 
that becomes narrower as it goes downstream, 

and a structure whereby the flow path that trans- 
ports said fuel gas along said extraction surface on said 
extraction surface side has a cross section area that be- 
comes wider as it goes downstream. 
[0057] If the cross section area of the flow path is 
fixed, then the pressure on the supply side will decrease 
as it goes downstream and the pressure on the extrac- 
tion side will increase as it goes downstream by the 
amount that the hydrogen moves from the supply side 
to the extraction side. Meanwhile, the fluid pressure is 
inversely proportional to the cross section are of the flow 
path, so a flow path constructed with the structure de- 
scribed above exhibits an effect whereby the mixed gas 
pressure increases as it goes downstream on the supply 
side, and exhibits an effect of the fuel gas pressure de- 
creasing on the extraction side. As a result, it is possible 
to compensate for the pressure decrease on the supply 
side, and to compensate for the pressure increase on 
the extraction side. Therefore, by providing a flow path 
with the structure described above, a fuel gas generat- 
ing device can suppress fluctuation in the difference be- 
tween supply side pressure and extraction side pres- 
sure across the full area of the hydrogen separation 
composite, so this can be made almost even at the de- 
sign stage of the cross section shape. Typically with a 
fuel gas generating device, the volume of fuel gas gen- 
erated is controlled by controlling the raw material gas 
or mixed gas pressure, so if approximately even pres- 
sure is realized across the entire area of the hydrogen 
separation composite, there is the advantage that the 
concerned control is easy. It is also possible to suppress 
the bias of the weighted distribution that is added to the 
hydrogen separation composite by the pressure differ- 
ence, giving the advantage of being able to easily avoid 
deformation and damage to the composite. 
[0058] Also, for the fuel gas generating device of the 
present invention, 

it is preferable to have a carrier gas supply unit 
that flows the carrier gas that carries hydrogen to said 
extraction unit, and 

to flow the carrier gas in a direction opposite the 
flow direction of the mixed gas at said supply unit. 
[0059] Along with extraction of hydrogen, the hydro- 
gen pressure of the supply unit decreases as it goes 
downstream. Conversely, the hydrogen pressure of the 
extraction unit increases as it goes downstream. If the 
flow directions of these are made to face each other, the 
sites for which the hydrogen partial pressure is low and 
the sites where it is high face each other sandwiching a 
hydrogen separation composite. Therefore, even at the 
downstream side of the supply unit where the hydrogen 
partial pressure is low, it is possible to maintain a higher 



hydrogen partial pressure than at the extraction unit, so 
it is possible to perform hydrogen separation over the 
entire area of the hydrogen separation composite. As a 
result, it is possible to increase the hydrogen separation 
efficiency, and to make the fuel gas generating device 
smaller. 

[0060] When also performing a chemical reaction to 
generate hydrogen on the supply unit side at the same 
time, there is also the following effect. In this case, due 
to generation of a mixed gas by the chemical reaction, 
the hydrogen partial pressure on the supply side be- 
comes higher as it goes downstream. Therefore, if a car- 
rier gas is flowed to the extraction side so as to face the 
flow direction of the raw material gas along the supply 
side, then the downstream of the supply side and the 
upstream of the extraction side face each other sand- 
wiching a hydrogen separation composite. As a result 
of this, in the concerned area, there is a great difference 
in hydrogen partial pressure. Generally, the hydrogen 
transmission speed for a hydrogen separation compos- 
ite is proportional to the hydrogen partial pressure of the 
opposing surface, so hydrogen transmission is done ex- 
tremely efficiently in this area. 

[0061] When flowing gas to the supply side and ex- 
traction side in this way, a variety of extraction side gas- 
es can be selected, and as an example, for said supply 
unit, as a mechanism for mixing the raw material gas 
and steam and generating said mixed gas, steam can 
be used as said carrier gas. 

[0062] It is also possible to directly use the raw mate- 
rial gas to be supplied to said chemical reaction unit as 
said carrier gas. The raw material gas is a specified gas 
that contains hydrogen atoms, and there is no risk of 
toxification at the electrode of the fuel cell even if this is 
mixed with the fuel gas, so this can be used as the carrier 
gas. As with the case of using steam, there is the ad- 
vantage of being able to use the raw material gas trans- 
mitted from the extraction side to the supply side for a 
reforming reaction. Also, when using steam, a consid- 
erable amount of heat is required to generate steam for 
the carrier gas, but when using raw material gas, the 
concerned heat energy is not necessary, so compared 
to when using steam, there is the advantage of the en- 
ergy efficiency being higher. 

[0063] For the fuel gas generating device of the 
present invention, with the supply unit and extraction 
unit, it is preferable to adjust the pressure so that the 
hydrogen partial pressure of the supply unit is higher 
than the hydrogen partial pressure of the extraction unit, 
and that the total pressure of the supply surface is lower 
than the total pressure of the extraction surface. 
[0064] By making the total pressure of the supply sur- 
face lower than the total pressure of the extraction sur- 
face, even when there are pin holes in the hydrogen sep- 
aration composite, it is possible to avoid leaking of raw 
material gas or mixed gas from the supply side to the 
extraction side. The difference in total pressure is pro- 
vided under the condition of having the hydrogen partial 



15 



20 



25 



30 



35 



40 



45 



50 



8 



15 



EP 1 258 283 A1 



16 



3 



pressure of the supply side be higher than the hydrogen 
partial pressure of the extraction side, so the hydrogen 
transmission at the hydrogen separation composite is 
realized as in normal cases. The concerned pressure 
difference can be realized easily by supplying high pres- 
~~ s u re'gas t hat" does'not'co ntai n'hyd rog feTfi o t he~hyd rogen" 
extraction side. The concerned pressure adjustment is 
effective when used not only for a fuel gas generating 
device that uses the hydrogen separation composite of 
the;present invention, but also one that uses a hydrogen 
separation composite of the prior art. 
[0065] The pin holes described above include both pin 
holes that occur as one type of defect in the process of 
manufacturing a hydrogen separation composite and 
gaps that are planned in advance based on the structure 
of the hydrogen separation composite. For example, as 
described above, for the hydrogen separation compos- 
ite of the present invention, this includes not only items 
for which the pores are sealed airtight by hydrogen sep- 
aration metal, but also embodiments for which hydrogen 
separation metal is supported while keeping a gap of a 
level that allows air to pass through. The concerned gap 
is also included in the pin holes described above. With 
the structure noted above, if the total pressure on the 
extraction side is made high, then even when a hydro- 
gen separation metal is supported in a state whereby a 
gap is kept in advance n this way, it is possible to sep- 
arate hydrogen while preventing gas leaks. 
[0066] Note that when supplying fuel gas generated 
with steam as the carrier gas to a low temperature type 
fuel cell, it is preferable to supply it via a dehumidifier 
that-reduces the partial pressure of the steam in the fuel 
gaslo a specified value or below. An example of a low 
temperature type fuel cell is a solid polymer film type 
fuel. cell. 

[0067] With a low temperature type fuel cell, when a 
fuel gas that contains a large amount of steam is sup- 
plied, water condenses within the anode electrode, and 
it is possible that the electricity generating efficiency will 
be reduced. As described above, if a dehumidifier is pro- 
vided between the fuel gas generating device and the 
fuel cell and the partial pressure of the steam is reduced, 
then the concerned ill effects can be avoided. As a de- 
humidifier, for example, it is possible to use a device that 
uses a heat exchanger and retrieves the steam in the 
fuel gas as condensed water. Note that when using a 
solid polymer film type fuel cell as a low temperature 
type fuel cell, that humidification of the electrolytic film 
is required, so it is preferable that the partial pressure 
of the steam be reduced at a level that allows mainte- 
nance of the humidity needed for this humidification at 
the dehumidifier. 

[0068] When constructing a fuel cell system without 
providing a dehumidifier, it is preferable to use a high 
temperature type fuel cell for said fuel cell. A high tem- 
perature type fuel cell means a fuel cell for which the 
operating temperature reaches 150 °C or above, and 
known examples of this include phosphoric acid type 



and fused carbonate type fuel cells. When using these 
fuel cells, condensation of the steam in the fuel gas does 
not occur, so it is not necessary to provide a dehumidi- 
fier, making it possible to simplify the device structure. 

5 [0069] Using the hydrogen separation composite of 
~the presenrinventionTit"is possiblelcThave a varietyof" 
structures for a fuel gas generating device that gener- 
ates fuel gas for a fuel cell from a specified raw material. 
[0070] For example, it is possible to include a chemi- 

to cal reaction unit that generates from said raw material 
a mixed gas that contains hydrogen, and 

a carrier flow path that carries the hydrogen sep- 
arated from said mixed gas by flowing a specified carrier 
gas, 

is and for one element of said chemical reaction unit 

and carrier flow path to have a pipe flow path formed 
within the other element using the hydrogen separation 
composite of the present invention. 
[0071] As a first structure, the pipe flow path can have 

20 a structure whereby 

one of said chemical reaction unit or carrier flow 
path can be a pipe formed by the hydrogen separation 
composite of the present invention with this provided in 
a state that pierces through the interior of the other el- 

25 ement. The cross section of the pipe does not have to 
be circular. 

[0072] This is a relatively simple structure, which has 
the advantage of having easy manufacturing and main- 
tenance. For the aforementioned structure, there are 

30 two structures, one a structure with the interior of the 
pipe as the carrier flow path, and the other with it as the 
chemical reaction unit. With the former structure, the 
chemical reaction unit through which the pipe passes is 
formed from a roughly airtight container, and this can be 

35 structured so that the interior of said container is filled 
with a catalyst that promotes the chemical reaction. In 
this case, if the catalyst is filled in particle form, there is 
the advantage of being able to disperse the raw material 
gas, making it possible to promote the reaction. Also for 

40 the former structure, while supporting a catalyst, it is 
possible to form said chemical reaction unit, as a porous 
material monolith provided with a hole for inserting the 
pipe that is said carrier flow path. When filling with the 
catalyst in particle form, there is the risk of friction oc- 

45 curring with the separation film formed by the hydrogen 
separation composite on the surface of the pipe due to 
contact with the catalyst, but there is the advantage of 
being able to avoid the concerned ill effects if a porous 
material in which a catalyst is supported is used. Note 

50 that forthese structures, to increase strength, the carrier 
gas flow path itself is formed as a porous monolith, and 
a pillar shaped component on the surface of which is 
formed a hydrogen separation film can be used as the 
pipe. The concerned component also exhibits the same 

55 effects as the pipe in terms of forming a carrier gas flow 
path, so in a broad sense, it is equivalent to the pipe of 
the present invention. 

[0073] The latter structure, in other words the struc- 
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ture that uses the pipe interior as the chemical reaction 
unit, can be structured by supporting a catalyst within 
said pipe. The pipe interior can be filled with the catalyst 
in particle form. It is also possible to construct the pipe 
by forming a hydrogen separation film around a porous 
material in which a catalyst is supported. With a struc- 
ture filled with particle shaped catalyst, there is the ad- 
vantage of maintenance of the chemical reaction unit 
being easy by changing the catalyst. Also, because the 
hydrogen separation film formed on the outer surface of 
the pipe does not contact the filled catalyst, there is the 
advantage that the hydrogen separation film can be pro- 
tected. With a structure that uses a porous material in 
which a catalyst is supported, there is the advantage 
that the catalyst distribution can be kept even, the ad- 
vantage that manufacturing of the fuel gas generating 
device is easy, and the advantage of being able to en- 
sure pipe strength. 

[0074] For the fuel gas generating device of the 
present invention, said pipe can also be a straight pipe, 
but it can also be a shape that has a curved part inside 
the other component that the pipe pierces through. A 
curved part means a part where the gas flow direction 
changes. It is not absolutely necessary that the pipe it- 
self curves. By having a curved part, it is possible to ef- 
ficiently lay pipe inside the other component, and to be 
able to increase the hydrogen transmission volume. A 
curved part also has some freedom in relation to heat 
distortion, so there is also the advantage of being able 
to avoid the effects of heat during operation. When using 
a pipe that has a curved part in this way, it is preferable 
to have a composite that has a metal porous material 
for said porous support medium. Metal has ductility, so 
it is possible to suppress damage to the hydrogen sep- 
aration composite due to vibration, etc. 
[0075] When a curved part is provided in a pipe, it is 
possible to increase the maintainability by providing a 
mechanism that allows the curved part to be removed. 
This structure is especially effective when using the pipe 
interior as a chemical reaction unit, and by making it pos- 
sible to remove the curved part, there is the advantage 
that it is easy to replace the catalyst that fills or is sup- 
ported in the pipe. Maintainability will be increased even 
further if there are two locations, one upstream and one 
downstream of the curved part, where removal is pos- 
sible. 

[0076] For the fuel gas generating device of the 
present invention, it is possible to have said pipe be a 
double pipe in which is inserted into an outer pipe, one 
end of which is open, an inner pipe for which both ends 
are open. Gas is inserted from the inner pipe, is turned 
back at the closed end of the outer pipe, and is exhaust- 
ed from the opening of the outer pipe. It is also possible 
to use a flow that is opposite to this. By using the con- 
cerned structure, it is possible to give freedom in relation 
to heat distortion of both the outer pipe and inner pipe, 
giving the advantage of it being easy to suppress the 
effects of heat. 



[0077] When using the aforementioned double pipe, 
it is also possible to construct said chemical reaction unit 
provided with a catalyst for reforming reactions in said 
inner pipe, and provided with a catalyst for reactions to 

5 reduce carbon monoxide in the outer pipe. If this is done, 
then two types of chemical reaction unit can be struc- 
tured as one unit, making it possible to make the device 
more compact. Examples of reactions for reducing car- 
bon monoxide include a shift reaction and a reaction that 

10 selectively oxidizes carbon monoxide. The catalyst can 
be filled in particle form or can be supported in the po- 
rous material. 

[0078] For the structure noted above, it is especially 
preferable to perform a shift reaction with the outer pipe. 

is Generally the reaction temperature of reforming reac- 
tions is very high, and the reaction temperature of shift 
reactions is slightly lower than that. The operating tem- 
perature of a fuel cell is lower than the reaction temper- 
ature of a shift reaction. If a shift reaction is to be per- 

20 formed at the outer pipe, then it is possible to have the 
temperature of the separated hydrogen approach the 
operating temperature of the fuel cell while maintaining 
the reaction temperature of the reforming reaction and 
the shift reaction. 

25 [0079] For the fuel gas generating device of the 
present invention, 

it is preferable to provide a suppression mecha- 
nism inside the other pipe that said pipe pierces through 
that suppresses the speed component in the same di- 
sc rection as the flow direction inside said pipe for the flow 
of that interior. For example, it is preferable to provide a 
mechanism that realizes a flow orthogonal to the pipe, 
or a mechanism that realizes a flow that faces opposite 
the flow in the pipe. A partition or pane, etc. can be used 

35 for the suppression mechanism. By using the concerned 
structure, it is possible to expand the hydrogen partial 
pressure difference of the hydrogen separation film and 
to increase the hydrogen separation rate. 
[0080] For the fuel gas generating device of the 

^0 present invention, it is preferable to provide a stirring 
mechanism that stirs the gas inside the other element 
that said pipe pierces through. If the gas is stirred, it is 
possible to increase the hydrogen separation efficiency. 
We will explain an example of a case when a carrier gas 

45 is flowed inside a pipe. A reforming reaction or the like 
is performed at the chemical reaction unit that is the oth- 
er element, and a mixed gas that contains hydrogen is 
generated. When there is no stirring mechanism, hydro- 
gen is extracted from the mixed gas into the pipe, so the 

50 hydrogen distribution within the chemical reaction unit 
decreases near the pipe, and thus the hydrogen sepa- 
ration efficiency decreases. In contrast to this, if the 
mixed gas of the chemical reaction unit is stirred by a 
stirring mechanism, it is possible to avoid extreme re- 

55 duction of the hydrogen distribution near the pipe even 
after hydrogen is extracted in the pipe, so it is possible 
to suppress the decrease in hydrogen separation effi- 
ciency. The same is true when using the pipe interior as 
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the chemical reaction unit. In this case, it is possible to 
avoid an increase in the extraction side hydrogen partial 
pressure by the extraction of hydrogen, and to increase 
the hydrogen separation efficiency. 
[0081] For the first structure, when using a pipe with 
-both-ends-open; 

it is preferable to provide at both ends of the pipe 
an isolation mechanism that isolates said mixed gas and 
the carrier gas, and at least at one end, a suppression 
mechanism that suppresses thermal stress of said pipe. 
By suppressing the thermal stress generated at the pipe 
by heat during operation, it is possible to avoid things 
such as pipe damage. Part of the pipe formed by hydro- 
gen separation composite can have a structure that 
works as a suppression mechanism, or the material at- 
tached separately to the pipe can have a structure that 
works as a suppression mechanism. 
[0082] For example, if a pipe is supported so that one 
end is a free end that pierces through said isolation 
mechanism, then the free end works as the suppression 
mechanism. The free end pierces through the isolation 
mechanism, so even if the position of the free end varies 
due to the presence of heat distortion, it is possible to 
avoid mixed gas and carrier gas leaks. For the isolation 
mechanism, for example, a gasket can be used to seal 
aroundthe pipe. It is also possible to use a high pressure 
gas layer that supplies inert gas of a higher pressure 
than the mixed gas and carrier gas between the two. 
With the latter embodiment, it js possible to more reliably 
avoid mixed gas and carrier gas leaks by using the pres- 
sure of the inert gas. Steam can be used as the inert gas. 
[0083] For the suppression mechanism, as another 
structure, an expansion mechanism that absorbs the 
heat distortion can be used so that the entire length in- 
cluding the pipe and said suppression mechanism are 
roughly constant. If this is done, then even if both ends 
of the pipe are fixed to the isolation mechanism, it is pos- 
sible to suppress heat stress. For the concerned struc- 
ture, for example, a structure that connects a bellows to 
one end of the pipe can be used. A slide pipe can also 
be used. In other words, the pipe is constructed by a 
combination of an outer pipe and an inner pipe, with one 
end of the outer pipe fixed to one isolation mechanism 
and the other end being the free end, and the inner pipe 
having one end fixed to the other isolation mechanism 
and the other end being the free end, with the structure 
such that the free end of the inner pipe is inserted into 
the free end of the outer pipe. By having the free end of 
the outer pipe and inner pipe slide, it is possible to sup- 
press heat stress. It is preferable to seal the gap be- 
tween the inner pipe and the outer pipe. 
[0084] For the pipe shaped flow path, besides using 
a pipe formed using hydrogen separation composite, as 
a second structure, 

it is possible to use a structure for which there is 
a monolith made of porous material on which is formed 
through holes, 

a hydrogen separation layer for which said hydro- 



gen separation metal is supported is formed in the po- 
rous material around said through holes, 

a catalyst support unit in which is supported the 
catalyst used for said chemical reaction is formed at the 
5 parts except for said hydrogen separation layer in said 
porous"materialrand~ — 

said catalytic support part becomes said chemical 
reaction unit while said hydrogen separation layer and 
through holes become said carrier flow path. 
10 [0085] Used for the porous material monolith is a po- 
rous material solid, or block, of an approximate size that 
can be used as a hydrogen generating unit. Forming a 
separation film on the surface of a porous material mon- 
olith can be realized relatively easily busing various 
f5 methods such as impregnation support, physical depo- 
sition, and chemical deposition. It is possible to form a 
unit using a single parts surface process, so there is the 
advantage that production is relatively easy. Using the 
monolith, by forming a hydrogen separation film on the 
surface, there is the advantage o being able to ensure 
the unit strength. For the hydrogen separation film, it is 
possible to use a thin film such as of palladium which 
was used from the prior art, but it is preferable to use 
the hydrogen separation composite of the present in- 
vention. 

[0086] For the fuel gas generating device of the 
present invention, comprising 

a raw material supply mechanism that supplies 
raw material gas for which said raw material has been 
vaporized in said chemical reaction unit, and 

a carrier gas supply mechanism that supplies said 
carrier gas to said carrier flow path, 

it is preferable that at least at one of said raw ma- 
terial supply mechanism and carrier gas supply mech- 
anism, there be provided a flow volume averaging 
mechanism that suppresses bias of the flow volume dis- 
tribution to said chemical reaction unit or said carrier 
flow path. For the raw materials and carrier gas, by sup- 
plying raw material gas and carrier gas evenly, it is pos- 
sible to increase the efficiency of hydrogen generation 
and hydrogen separation. The bias of flow volume dis- 
tribution occurs more easily when the inlet cross section 
area of the chemical reaction unit and carrier flow path 
is broader than the cross section area of the pipes that 
supply raw material gas and carrier gas. Near the pipe 
outlet front, it is common for the flow volume distribution 
to be high, and the flow volume distribution to get lower 
as the distance from the outlet increases. 
[0087] As a flow volume averaging mechanism, for 
example, it is possible to use a mechanism that diffuses 
the supply port of the gas to the chemical reaction unit 
and the carrier flow path. As an example, it is possible 
to use a structure for which a baffle board provided with 
multiple orifices is placed near the pipe outlet. It is pos- 
sible to make this even more even by setting the orifice 
diameter to be smaller near the outlet front and larger 
as it separates from the front. 

[0088] It is also possible to use a mechanism that dis- 
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perses the dynamic pressure of the supplied gas. For 
example, it is possible to use a structure provided with 
a deflecting plate that deflects the flow to the pipe outlet 
front. It is possible to avoid having the dynamic pressure 
of the gas center on the outlet front through the effect of 
the deflecting plate. From the perspective of the disper- 
sion of dynamic pressure, it is effective to provide a de- 
flecting plate in a direction that deflects the flow by 90 
degrees. It is also possible to provide mutti level deflect- 
ing plates rather than to use just one. It is also possible 
to provide the pipe outlet so that the gas is supplied 
roughly parallel to the inlet of the chemical reaction unit 
and carrier flow path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0089] Figure 1 is an explanatory diagram that shows 
the schematic structure of a fuel cell system as a work- 
ing example. 

[0090] Figure 2 is an explanatory diagram that shows 
the internal structure of fuel gas generating device 10. 
[0091] Figure 3 is a cross section diagram of hydro- 
gen separation composite 12 as a working example. 
[0092] Figure 4 is a process diagram that shows the 
manufacturing process for manufacturing method A of 
hydrogen separation composite 12. 
[0093] Figure 5 is a process diagram that shows the 
manufacturing process for manufacturing method B of 
hydrogen separation composite 12. 
[0094] Figure 6 is a process diagram that shows the 
manufacturing process for manufacturing method C of 
hydrogen separation composite 12. 
[0095] Figure 7 is an explanatory diagram that shows 
the structure of the flow path of fuel gas generating de- 
vice 10. 

[0096] Figure 8 is an explanatory diagram that shows 
the hydrogen partial pressure on the chemical reaction 
unit side and the purge side. 

[0097] Figure 9 is an explanatory diagram that shows 
the conditions relating to pressure on the reforming side 
and the purge side. 

[0098] Figure 1 0 is a cross section diagram of hydro- 
gen separation composite 1 2A as a first variation exam- 
ple. 

[0099] Figure 11 is a process diagram that shows the 
manufacturing method of hydrogen separation compos- 
ite 12A. 

[0100] Figure 12 is a cross section diagram of hydro- 
gen separation composite 1 2B as a second variation ex- 
ample. 

[0101] Figure 13 is a cross section diagram of a hy- 
drogen separation composite as a third variation exam- 
ple. 

[0102] Figure 14 is an explanatory diagram that 
shows the flow path of the purge gas as a first variation 
example. 

[0103] Figure 15 is an explanatory diagram that 
shows the flow path of the purge gas as a second vari- 



ation example. 

[0104] Figure 16 is an explanatory diagram that 
shows the fuel cell system as a variation example. 
[0105] Figure 17 is an explanatory diagram that 
5 shows the schematic structure of a fuel cell system as 
a second working example. 

[0106] Figure 18 is an explanatory diagram that 
shows the schematic structure of fuel gas generating 
device 10A. 

to [0107] Figure 19 is a cross section diagram of hydro- 
gen separation composite 22. 

[0108] Figure 20 is a process diagram of manufactur- 
ing method D of hydrogen separation composite 22. 
[0109] Figure 21 is a process diagram of manufactur- 
es ing method E of hydrogen separation composite 22. 
[0110] Figure 22 is a process diagram of manufactur- 
ing method F of hydrogen separation composite 22. 
[0111] Figure 23 is an explanatory diagram that 
shows the categories of hydrogen generating and sep- 
20 aration mechanisms. 

[0112] Figure 24 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 100 as structure 1. 
[0113] Figure 25 is an explanatory diagram that 
25 shows the structure of separation pipe 110. 

[0114] Figure 26 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 150 as structure 2. 
[0115] Figure 27 is an explanatory diagram that 
30 shows the structure of separation pipe 1 60. 

[0116] Figure 28 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 200 as structure 3. 
[0117] Figure 29 is an explanatory diagram that 
35 shows the structure of hydrogen generating and sepa- 
ration mechanism 250 as structure 4. 
[0118] Figure 30 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 300 as structure 5. 
^0 [0119] Figure 31 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 350 as structure 6. 
[0120] Figure 32 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ls ration mechanism 400 as structure 7. 

[0121] Figure 33 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 450 as structure 8. 
[0122] Figure 34 is an explanatory diagram that 
50 shows the structure of hydrogen generating and sepa- 
ration mechanism 500 as structure 9. 
[0123] Figure 35 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 550 as structure 1 0. 
55 [0124] Figure 36 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 600 as structure 11 . 
[0125] Figure 37 is an explanatory diagram that 
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shows the structure of generating and separation pipe 
610. 

[0126] Figure 38 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 650 as structure 12. 5 

-[0127] — Figure-39-is-an-explanatory-diagram~that 

shows the structure of hydrogen generating and sepa- 
ration mechanism 700 as structure 13. 
[0128] Figure 40 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 750 as structure 14. 
[0129] Figure 41 is an explanatory diagram that 
shows the effect of stirring using fan 755. 
[0130] Figure 42 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 800 as structure 15. 
[0131] Figure 43 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 900 as structure 1 6. 
[0132] Figure 44 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 900A as structure 17. 
[0133] Figure 45 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 900B as structure 18. 
[0134] Figure 46 is an explanatory diagram that 
shows the structure of a hydrogen generating and sep- 
aration mechanism as structure 19. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0135] We will explain working embodiments of the 
present invention divided into the following sections. 

-A. Structure of a Fuel Cell System 

B. Structure and Manufacturing Method of Compos- 
ite for Hydrogen Separation 

C. Structure of the Flow Path of a Fuel Gas Gener- 
ating Device 

D. Variation Example of a Composite for Hydrogen 
Separation 

E. Variation Example of a Gas Flow Path [Sic] 

F. Variation Example of a Fuel Cell System 

G. Second Working Example 

H. Structure Examples of a Hydrogen Generating *5 
and Separation Mechanism 

A. Structure of a Fuel Cell System 

[0136] Figure 1 is an explanatory diagram that shows 50 
the schematic structure of a fuel cell system as a work- 
ing example. The fuel cell system is constructed with the 
main elements of fuel cell 4 that obtains electromotive 
force by an electrochemical reaction using hydrogen 
and oxygen, and a fuel gas generating device 10 that 55 
generates from raw material gas the fuel gas that is sup- 
plied to fuel cell 4, 

[01 37] Fuel cell 4 is a solid polymer film type fuel cell, 



and iscomposedfrom multiple layers of cells comprising 
an electrolytic film, a cathode, an anode, and a separa- 
tor. The electrolytic film is a proton conductive ion ex- 
change film formed from a solid polymer material such 
as a fluorocarbon resin. The cathode and anode are 
~both~formed using carbon'cloth~woven~from"carbon"fib~ 
ers. The separator is formed by conductive material that 
is gas impermeable such as dense carbon for which the 
carbon is compressed and that is gas impermeable. A 
flow path for fuel gas and oxidation gas is formed be- 
tween the cathode and anode. Compressed air is used 
for the oxidation gas, and fuel gas is generatedfrom raw 
materials stored in fuel tank 1 using the device structure 
shown below. 

[0138] With this working example, natural gas was 
used as the raw material. Raw material gas is supplied 
together with water and air to fuel gas generating device 
1 0. Fuel gas generating device 1 0 first decomposes nat- 
ural gas using the following reactions and generates a 
mixed gas that contains carbon monoxide, carbon diox- 
ide, and hydrogen. 

CH 4 + H 2 0 ->CO + 3H 2 ; 

CH 4 + 2H 2 0 ->C0 2 + 3H 2 ; 

[0139] By having a mixed gas generated in this way 
pass through a hydrogen separation composite provid- 
ed inside fuel gas generating device 10, the hydrogen 
that is the fuel gas is separated. At this time, with this 
working example, steam obtained by vaporizing the wa- 
ter at vaporizing unit 2 is used as a purge gas that has 
the role of extracting only hydrogen in a stable manner 
and then carrying it. Note that the heat source for ob- 
taining steam at vaporizing unit 2 is obtained by burning 
the hydrogen and carbon monoxide contained in the rest 
of the mixed gas. 

[0140] Through the concerned process, a gas con- 
taining steam as a purge gas and hydrogen as a com- 
bustion gas is exhausted from fuel gas generating de- 
vice 1 0. It is acceptable to supply this gas directly to fuel 
cell 4, but with this working example, the gas tempera- 
ture is lowered using heat exchanger 3, steam is re- 
moved as condensed water, and after lowering the hu- 
midity, is supplied to fuel cell 4. This is because solid 
polymer film type fuel cell 4 has a relatively low temper- 
ature while operating, so when gas containing a large 
volume of steam is supplied, steam condenses at the 
anode part of fuel cell 4, and there is the risk of stable 
operation being hindered. By reducing the humidity, it is 
possible to suppress the concerned condensation, and 
to have stable operation of fuel cell 4. Note that though 
we have omitted an illustration, operation of each of 
these structural elements is controlled by a control de- 
vice which has a CPU. 

[0141] Figure 2 is an explanatory diagram that shows 
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the internal structure of fuel gas generating device 10. 
This is shown based on the situation of the reaction from 
the raw material gas. The fuel gas generating device is 
equipped with a chemical reaction unit 1 1 and hydrogen 
separation composite 1 2. A catalyst that promotes a re- 
forming reaction is supported at chemical reaction unit 
11 according to the raw material gas. When using nat- 
ural gas as the raw material gas, it is possible to use 
rhodium noble metal as the catalyst, and when using 
methanol as the raw material, it is known that CuO-ZnO 
catalysts and Cu-ZnO catalysts, etc. are effective. 
[01 42] When methane that is the raw material gas and 
steam are supplied to chemical reaction unit 11 , the pre- 
viously explained reforming reaction occurs, and a 
mixed gas that contains hydrogen, carbon dioxide, and 
carbon monoxide is generated. When a mixed gas gen- 
erated in this way is supplied to hydrogen separation 
composite 12, only the hydrogen in the mixed gas is se- 
lectively transmitted. At this time, on the side where the 
hydrogen is extracted, steam is supplied as a purge gas. 
In this way, the hydrogen as a fuel gas is exhausted to- 
gether with the purge gas from fuel gas generating de- 
vice 10. 

B. Structure and Manufacturing Method of Composite 
for Hydrogen Separation 

[0143) Next, we will give a detailed explanation of hy- 
drogen separation composite 1 2 which is provided in fu- 
el gas generating device 10. Figure 3 is a cross section 
diagram of hydrogen separation composite 12 as a 
working example. This correlates to the A-A cross sec- 
tion in figure 2. Hydrogen separation composite 12 of 
this working example is a porous support medium of 
thickness 0.1 mm to 5 mm in which a hydrogen separa- 
tion metal is supported. As shown in the figure, inside 
hydrogen separation composite 12, the ceramic fine 
particles 13 that form the porous support medium have 
gaps of approximately several hundred A, forming 
pores. Palladium fine particles 14 which are the hydro- 
gen separation metal are supported inside these pores. 
For illustration purposes, palladium fine particles 1 4 are 
shown as being scattered, but in actuality, they are sup- 
ported at a density of a level for which they fill the inside 
of the pores of the porous support medium. However, 
all pores are not necessarily filled. When the mixed gas 
supplied from one side passes through the gaps of ce- 
ramic fine particles 13, it is sufficient to have palladium 
fine particles 1 4 supported to a degree for which the gas 
can pass through some of the pores filled by palladium 
fine particles 14 as necessary. Some items common to 
the various embodiments explained hereafter are that 
the various substances having the property of selective- 
ly transmitting hydrogen can be used for the supported 
metal, and it is possible to use a palladium and silver 
alloy or a lanthanum and nickel alloy, etc. It is also pos- 
sible to use alumina, silicon nitride, or silica, etc. for the 
ceramic fine particles. 



[0144] Hydrogen separation composite 12 of this 
working example can be manufactured by one of the fol- 
lowing three manufacturing methods. Figure 4 is a proc- 
ess diagram that shows the manufacturing process for 
5 manufacturing method A of the hydrogen separation 
composite 12. Manufacturing method A is a manufac- 
turing method called a so-called impregnation support 
method. As shown in the figure, with this manufacturing 
process, first, a porous support medium used for the hy- 
10 drogen separation composite is formed (step S1 0). With 
this working example, ceramic fine particles are mixed 
with an organic solvent, and the molded item is baked 
and formed. Next, a palladium nitrate solution for im- 
pregnating the formed porous support medium is gen- 
is erated (step S12). With this working example, because 
palladium is used as the hydrogen separation metal, a 
palladium nitrate aqueous solution is used, but the type 
of solution can be suitably selected according to the type 
of hydrogen separation metal that is supported. Also, for 
20 the concentration, enough palladium to be sufficiently 
supported in the pores must be included, and this is ad- 
justed according to things such as the volume, porosity, 
and pore diameter of the porous support medium to be 
impregnated. 

25 [0145] When an aqueous solution generated in this 
way is impregnated in the porous support medium (step 
S14), and then the porous support medium is dried, the 
palladium that was dissolved in the solution is precipi- 
tated, and is supported within the pores (step S1 6). It is 
30 also possible to perform a degassing process together 
in order to impregnate sufficient aqueous solution in the 
pores. 

[0146] Figure 5 is a process diagram that shows the 
manufacturing process of manufacturing method B of 
35 hydrogen separation composite 12. First, a porous sup- 
port medium is formed using the same method as man- 
ufacturing method A (step S20). Next, palladium and an 
organic solvent are mixed to make a paste (step S22). 
The palladium is made to a fine level in advance to a 
40 level that will allow it to be supported in the pores of the 
porous support medium. There are no particular restric- 
tions on the organic solvent, and a variety of resins can 
be used, but when mixed with palladium, it is preferable 
to select a material which has a viscosity that will allow 
is a sufficient level of penetration into the pores of the po- 
rous support medium. When an organic solvent gener- 
ated in this way is coated on the surface of the porous 
support medium (step S24), an organic solvent layer is 
formed on the surface, and organic solvent also fills the 
50 inside of the pores. In this case as well, to more reliably 
fill with the organic solvent, it is preferable to blow gas 
from the surface coated with organic solvent and to per- 
form degassing from the opposite side to the coated 
one. After sufficiently filling organic solvent into the in- 
55 terior of the pores in this way, when the porous support 
medium is baked (step S26), the organic solvent is 
burned off, so a porous support medium for which pal- 
ladium is supported inside the pores is formed. 



25 



30 



35 



40 



45 



50 



14 



27 



EP 1 258 283 A1 



28 



[0147] Figure 6 is a process diagram that shows the 
manufacturing process for manufacturing method C of 
hydrogen separation composite 12. With manufacturing 
method A and manufacturing method B, we showed ex- 
amples whereby after first forming a porous support me* 
-dium—a-hydrogen separation-metal" was"supported: 
Manufacturing method C is a method with which both 
are manufactured at once. With this manufacturing 
method, first, a mixed substance of ceramic fine parti- 
cles, palladium fine particles, and an organic solvent is 
generated (step S30). There is no particular restriction 
on the organic solvent, and any item having a viscosity 
of a level which will make later formation easy can be 
selected. A polymer can be used, for example. 
[0148] Next, this mixture is molded (step S32) and 
baked (step S34). The organic solvent is burned off, and 
a porous support medium in which palladium fine parti- 
cles are supported in the ceramic pores is formed. Man- 
ufacturing method C allows completion of the formation 
of the porous support medium and support of the palla- 
dium with the same manufacturing process, so it has the 
advantage that it is possible to reduce manufacturing 
cost of the porous support medium. Note that with man- 
ufacturing method C, before generating the mixture at 
step 30, it is also possible to provide a process of sup- 
porting the palladium fine particles in the ceramic fine 
particles. For example, it is possible to dip the ceramic 
fine particles in a palladium solution and dry this to sup- 
port the particles. 

[01 49] With hydrogen separation composite 1 2 of this 
working example, by supporting palladium inside the 
pores, it is possible to increase the transmission speed 
of transmitting only hydrogen of the mixed gas. It is 
known that generally, the hydrogen transmission speed 
is proportional to the surface area for which the palladi- 
um contacts the mixed gas, and is inversely proportional 
to the film thickness, and with this working example, be- 
cause it is possible to greatly increase the contact area 
for the mixed gas and palladium by supporting palladium 
inside the pores, it is possible to greatly increase the 
hydrogen transmission speed. Also, hydrogen separa- 
tion composite 12 of this working example has the ad- 
vantage of pin holes not occurring easily because pal- 
ladium is supported inside the pores, so the film can be 
made thinner for hydrogen separation composite 12. 
With the concerned effect, if a fuel gas generating de- 
vice is constructed using hydrogen separation compos- 
ite 12 of this working example, it is possible to make the 
device more compact. 

C. Structure of the Flow Path of a Fuel Gas Generating 
Device 

[01 50] Figure 7 is an explanatory diagram that shows 
the structure of the flow path of fuel gas generating de- 
vice 1 0. In figure 2, we showed the structure of fuel gas 
generating device 1 0 with the gas reaction as the center 
as a typical example, but in reality, chemical reaction 



unit 11 is provided to contact hydrogen separation com- 
posite 1 2. As shown in the figure, when raw material gas 
is flowed in from one inlet, and a reforming reaction oc- 
curs inside chemical reaction unit 11 to generate hydro- 
5 gen, that hydrogen is exhausted on the purge side 

through hydrogen separation-composite"12: 

[0151] Here, with fuel gas generating device 10 of this 
working example, a flow path is formed so that purge 
gas flows in the direction facing opposite the direction 
JO that the raw material gas flows. We will explain the rea- 
son for this. Figure 8 is an explanatory diagram that 
shows the hydrogen partial pressure on the chemical 
reaction unit side and on the purge side. For the hori- 
zontal axis, the direction shown in figure 7, in other 

is words, the direction in which the raw material gas flows, 
the x axis is used, and origin point O is shown as the 
raw material gas inlet part while point L shows the outlet 
part. Figure 8 is a figure that shows the hydrogen partial 
pressure for each position on the x axis. Figure 8 (a) 

20 shows the hydrogen partial pressure when the gas flow 
is made to face opposite for the chemical reaction unit 
side and the purge side. Figure 8 (b) shows the hydro- 
gen partial pressure when both gases flow in the same 
direction as a comparative example. 

25 [0152] At the chemical reaction unit side, the reform- 
ing reaction advances as it faces downstream, so the 
hydrogen percentage increases and the hydrogen par- 
tial pressure increases. It is known that generally near 
the raw material gas inlet the reforming reaction 

so progresses rapidly, after which the hydrogen in the 
mixed gas is extracted and the chemical balance is de- 
stroyed, so in ' response to this a trend is shown of hav- 
ing the reaction progress gradually. In comparison to 
this, on the purge side, as it faces downstream, the vol- 

35 ume of extracted hydrogen increases, so the hydrogen 
partial pressure gradually increases. 
[0153] Therefore, as shown in figure 8 (a), when the 
flow of gas is made to face opposite at the chemical re- 
action unit side and the purge side, the hydrogen partial 

to pressure is extremely high at the chemical reaction unit 
side and the purge side at the outlet side of the chemical 
reaction unit side, in other words, near point L of the x 
axis. In contrast to this, as shown in figure 8 (b), when 
the flow of both is made in the same direction, the hy- 

45 drogen partial pressure increases for both the chemical 
reaction unit and the purge side as it faces toward point 
L, so the hydrogen partial pressure difference of both 
stays relatively small. It is known that generally the 
speed that hydrogen is transmitted by hydrogen sepa- 

50 ration composite 12 becomes faster as the hydrogen 
partial pressure difference becomes larger. Therefore, 
as with fuel gas generating device 1 0 of this working ex- 
ample, it is possible to increase the hydrogen transmis- 
sion speed if the gas flow of the chemical reaction unit 

55 side and purge side are made to face opposite. This 
means that it is possible to efficiently separate hydrogen 
and to efficiently generate hydrogen gas, so if the flow 
path structure of this working example is used, then it is 
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possible to make fuel gas generating device 10 more 
compact. 

[01 54J Also, with fuel gas generating device 1 0 of this 
working example, the flow path of chemical reaction unit 
11 is constructed so that the cross section area be- 
comes narrower as it faces from upstream to down- 
stream. In figure 7, we showed an example of a state 
with a linear change in the cross section area, but it does 
not necessarily have to be linear. Meanwhile, the flow 
path of the purge side is constructed so that the cross 
section area becomes broader as it faces from upstream 
to downstream. Generally, gas pressure is inversely 
proportional to the cross section area of the flow path. 
Therefore, with the fuel gas generating device of this 
working example, the flow path is constructed so that 
the chemical reaction unit pressure increases as it goes 
downstream, and the purge side pressure decreases as 
it goes downstream. Meanwhile, with the chemical re- 
action unit, hydrogen is extracted the further it goes 
downstream, so the pressure decreases by that 
amount. On the purge side, extracted hydrogen increas- 
es as it goes downstream, so the pressure increases by 
that amount. With this working example, these offset 
each other, and the flow path is constructed so that the 
overall pressure is kept approximately constant along 
the entire area at both the chemical reaction unit side 
and the purge side. The volume of fuel gas generated 
at fuel gas generating device 10 is often controlled 
based on the raw material gas and purge gas pressure, 
so there is the advantage that control is relatively easy 
by keeping the overall pressure approximately constant 
for the entire area of fuel gas generating device 10. 
[0155] As described above, with fuel gas generating 
device 10 of this working example, hydrogen is extract- 
ed using purge gas. When hydrogen is separated using 
hydrogen separation composite 12, purge gas is not ab- 
solutely necessary, but with this working example, by 
using purge gas under the conditions shown hereafter, 
efficient and stable hydrogen extraction is realized. Fig- 
ure 9 is an explanatory diagram that shows the condi- 
tions relating to the reforming side and purge side pres- 
sure. As shown in the figure, with this working example, 
purge gas is supplied so as to satisfy simultaneously a 
condition of the overall pressure on the reforming side 
being lower than the overall pressure of the purge side, 
as well as the condition of the hydrogen partial pressure 
on the reforming side being higher than the hydrogen 
partial pressure on the purge side. The concerned con- 
ditions can be met by supplying as purge gas steam in 
a volume that will supplement the hydrogen partial pres- 
sure shown by cross hatching in figure 9. 
[01 56) Hydrogen separation composite 21 exhibits an 
effect of selectively transmitting hydrogen from the side 
with high hydrogen partial pressure to the side with low 
pressure, so the condition of having the purge side hy- 
drogen partial pressure be lower than that of the reform- 
ing side is an essential condition for separating hydro- 
gen. Meanwhile, the condition of having the total pres- 



sure of the purge side be higher than the total pressure 
of the reforming side exhibits the effect of preventing 
leaks of mixed gas on the purge side. For example, even 
when there are pin holes in hydrogen separation com- 

5 posite 1 2, if the concerned pressure conditions are set, 
then it is possible to avoid mixed gas leaking to the purge 
side. Therefore, it is possible to avoid Unification of the 
electrode of fuel ceil 4 by mixing of carbon monoxide in 
the fuel gas, so that stable operation of fuel cell 4 is pos- 

10 sible. 

[0157] When purge gas is not supplied under the con- 
cerned pressure conditions, for cases when carbon 
monoxide is mixed into the fuel gas, it is necessary to 
provide a carbon monoxide reduction unit or to make 

15 hydrogen separation composite 2 thick to a level that 
will reliably prevent pin holes. In contrast to this, with 
this working example, by supplying purge gas underthe 
pressure conditions described above, it is possible to 
prevent gas leaks even when there are pin holes, so 

20 countermeasures such as providing a carbon monoxide 
reduction unit are not necessary, and it is possible to 
make fuel gas generating device 10 more compact. 
Note that in the case of this working example, part of the 
purge gas supplied at higher pressure than the chemical 

25 reaction unit side is transmitted to the chemical reaction 
unit side due to the pressure difference as shown in fig- 
ure 7, so it is possible to also use this for reforming raw 
material gas. 

[0158] With hydrogen separation composite 1 2 of this 
30 working example and fuel gas generating device 1 0 us- 
ing this as described above, it is possible to make the 
device more compact while also generating fuel gas ef- 
ficiently. Note that with this working example, we 
showed an example of a case using a hydrogen sepa- 
35 ration composite in which palladium is supported in the 
porous support medium, but for the flow path structure, 
gas flow direction, and pressure conditions shown in fig- 
ures 7 through 9, it is possible to apply this individually 
regardless of the type of hydrogen separation compos- 
40 ite 12, so it is also possible to use the prior art so-called 
hydrogen separation film formed by palladium only. 

D. Variation Example of a Composite for Hydrogen 
Separation 

45 

[0159] Figure 1 0 is a cross section diagram of hydro- 
gen separation composite 1 2A as a first variation exam- 
ple. The fact that the structure has palladium supported 
in the porous support medium is the same as the hydro- 

50 gen separation composite 12 of the working example, 
but how the support is embodied is different. With this 
working example, as shown in figure 3, palladium is sup- 
ported in fine particle form inside the pores. In contrast 
to this, with the hydrogen separation composite 12A of 

55 the variation example, palladium 1 4A is supported in film 
form within the pores of ceramic fine particles 13. 
[0160] Figure 11 is a process diagram that shows the 
manufacturing method of hydrogen separation compos- 
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ite 12A. Hydrogen separation composite 12A of the var- 
iation example is formed by, after forming a porous sup- 
port medium in which palladium is supported (step S40), 
forming the porous support medium by baking (step 
S42). The porous support medium formed at step S40 5 
-can be-manufactured by any of manufacturing methods- 
A through C shown in the working example (see figures 
4 through 6). When a porous support medium manufac- 
tured in this way is baked, the supported palladium fine 
particles are partially dissolved, and form a film inside 
the pores. At the beginning, the palladium is supported 
as extremely fine particles, so when baking, it has been 
confirmed that a film is formed even when the temper- 
ature is not necessarily raised to the melting point. 
[0161] With hydrogen separation composite 12A of 
the variation example, though a process for baking the 
porous support medium is newly required, by supporting 
palladium in film form within the pores, it is possible to 
further suppress pin holes and to increase the hydrogen 
transmission speed. 

[0162] Figure 12 is a cross section diagram of hydro- 
gen separation composite 1 2B as a second variation ex- 
ample. With the working example, we showed an exam- 
ple of a hydrogen separation composite formed on a flat 
plate. In contrast to this, the difference with hydrogen 
separation composite 1 2B is that it is molded in a shape 
having bumps in the thickness direction. The concerned 
hydrogen separation composite 12B can be formed us- 
ing a porous support medium molded to have bumps in 
advance using manufacturing method A and manufac- 
turing method B shown with the working example (see 
figures 4 and 5). It is also possible to bake a mixed sub- 
stance of ceramic fine particles, palladium fine particles, 
and an organic solvent after molding in a shape that has 
bumps using manufacturing method C shown with the 
working example (see figure 6). 

[0163] With the second variation example, by using a 
bumpy shape, it is possible to increase the area of con- 
tact per width W between hydrogen separation compos- 
ite 12B and the mixed gas. The speed at which the hy- 
drogen separation composite transmits hydrogen is 
known to be proportional to the contact area with mixed 
gas, so with the second variation example, it is possible 
to increase the transmission efficiency per unit width. 
Therefore, with this hydrogen separation composite 
12B, it is possible to make fuel gas generating device 
10 more compact. Note that the bumps are not limited 
to being the wave shapes shown in figure 12. 
[0164] Figure 13 is a cross section diagram of a hy- 
drogen separation composite as a third variation exam- 
ple. With the third variation example, porous support 
medium 17 is joined to one side of the hydrogen sepa- 
ration composite 12 of the working example. Porous 
support medium 1 7 uses ceramics of the same compo- 
sition as the porous support medium that forms hydro- 
gen separation composite 12, and ceramic fine particles 
13 form pores the same as hydrogen separation com- 
posite 12. For porous support medium 17, it is possible 



to use a different material than hydrogen separation 
composite 12, but if the same material is used, there is 
the advantage of being able to reduce manufacturing 
processes. 

[0165] As described previously, the porosity of hydro- 
gens epa ration composite-1 2 of the working example-is 
high, so there are cases when the mechanical strength 
is insufficient. With the third variation example, by join- 
ing porous support medium 1 7, it is possible to increase 
the mechanical strength. For porous support medium 
1 7, it is necessary to provided a thickness that can en- 
sure the mechanical strength needed for the hydrogen 
separation composite. 

[0166] The joining of hydrogen separation composite 
12 and porous support medium 17 must be done in a 
way that will allow exchange of gas between these 
items. For example, ceramic fine particles and an organ- 
ic solvent can be mixed to make a paste that is coated 
on both items, and this is baked. It is also possible to 
mold porous support medium 1 7 before baking onto hy- 
drogen separation composite 12, and then to bake the 
whole thing. Here, we showed an example of joining hy- 
drogen separation composite 1 2 of the working example 
with porous support medium 17, but it is also possible 
to use the hydrogen separation composite of the first 
and second variation examples. It is also possible to join 
the porous support medium to both sides of the hydro- 
gen separation composite. 

E. Variation Example of a Gas Flow Path 

[0167] Figure 14 is an explanatory diagram that 
shows the flow path of purge gas as a first variation ex- 
ample. Differing from figure 7, this shows the purge gas 
in a state of flowing over the top surface of hydrogen 
separation composite 12. With the first variation exam- 
ple, the purge gas flows in switchback fashion along hy- 
drogen separation composite 12. In areas such as area 
a shown by cross hatching in the figure, the flow of the 
purge gas and the flow of the mixed gas partially face 
opposite each other. It is not necessary to flow the purge 
gas and mixed gas so that they face opposite each other 
along the entire area of hydrogen separation composite 
1 2, and it is acceptable to have them flow partially facing 
each other in this way. 

[0168] Figure 15 is an explanatory diagram that 
shows the flow path of the purge gas as a second vari- 
ation example. With the second variation example, hy- 
drogen separation composite 12D is formed in a tube 
shape, and mixed gas passes through its interior. Purge 
gas is passed through so as to enclose the periphery of 
hydrogen separation composite 12D. In areas b1 and 
b2 in the figure, purge gas and mixed gas flow in direc- 
tions opposite each other. It is also possible to construct 
one flow path in this way three dimensionally. It is also 
possible to pass the purge gas through in spiral form. 
Also, as shown by the dot-dash line in figure 15, it is 
possible to have the purge gas flow out in a direction 
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orthogonal to the flow of the mixed gas. 
[0169J With all the variation examples described 
above, as with the working example, it is possible to en- 
sure a large hydrogen partial pressure difference. To en- 
sure a hydrogen partial pressure difference, it is possi- 
ble to use various flow path structures with the mixed 
gas and purge gas facing opposite each other, particu- 
larly near the outlet of the mixed gas. 

F. Variation Example of a Fuel Cell System 

[0170] Figure 16 is an explanatory diagram that 
shows a fuel cell system as a variation example. For the 
fuel cell system of the working example (see figure 1), 
we showed an example that uses a solid polymer film 
type as fuel cell 4, and to prevent condensation at the 
anode part, the structure provided a heat exchanger 3. 
In contrast to this, with the fuel cell system of the varia- 
tion example, a high temperature type fuel cell for which 
the operating temperature reaches 150 °C or greater 
was used as fuel cell 4A. This is applicable to fuel cells 
such as a phosphoric acid type or fused carbonate type 
fuel cell. 

[0171] When using this kind of high temperature type 
fuel cell, the possibility of water drop condensation oc- 
curring at the anode part is low. Therefore, as shown in 
the variation example, the heat exchanger is omitted, 
and the mixed gas of fuel gas obtained using fuel gas 
generating device 1 0 and steam can be directly supplied 
to fuel cell 4A. By using a fuel cell system of the variation 
example in this way, by using a high temperature type 
fuel cell, there is the advantage of being able to simplify 
the system structure. 

G. Second Working Example 

[0172] Figure 17 is an explanatory diagram that 
shows the schematic structure of a fuel cell system as 
a second working example. With the first working exam- 
ple, we showed an example of using steam as the purge 
gas for fuel gas generating device 1 0. With the second 
working example, a raw- material gas is used as the 
purge gas. Along with this, elements provided with the 
first working example such as vaporizer 2 for generating 
steam and heat exchanger 3 for condensing steam of 
the supplied gas to fuel cell 4 become unnecessary (see 
figure 1), so the overall system structure can be simpli- 
fied. 

[0173] With the second working example, the struc- 
ture of fuel gas generating device 1 0A is also different 
from the first working example. With the first working ex- 
ample, we showed an example where mixed gas was 
generated using chemical reaction unit 11 , and only the 
hydrogen in this was extracted using hydrogen separa- 
tion composite 12. Specifically, with the first working ex- 
ample, we showed an example where fuel gas generat- 
ing device 1 0 was mainly composed from two structural 
elements. In contrast to this, with the second working 



example, we will show an example of a case where both 
the work of the reforming reaction and hydrogen sepa- 
ration are performed inside the hydrogen separation 
composite. Note that a structure that uses raw material 

5 gas as the purge gas is not unique to fuel gas generating 
device 1 0A of the second working example, but can also 
be applied to the first working example. Conversely, as 
with the first working example, it is also possible to use 
steam as the purge gas for the second working example 

10 as well. 

[0174] Figure 18 is an explanatory diagram that 
shows the schematic structure of fuel gas generating 
device 10A. Fuel gas generating device 10A is formed 
using hydrogen separation composite 22 that is a single 
is structural element. As shown in the figure, hydrogen 
separation composite 22 of the second working exam- 
ple is constructed in a form where two layers, the re- 
forming layer and the hydrogen separation layer, are 
joined internally. When raw material gas and steam are 
supplied to this hydrogen separation composite 22, a 
reforming reaction occurs at the reforming layer, and hy- 
drogen, carbon monoxide, and carbon dioxide are gen- 
erated. Mixed gas generated in this way is supplied as 
is to the hydrogen separation layer and only hydrogen 
is extracted. With the second working example, raw ma- 
terial gas is used as the purge gas for extracting hydro- 
gen, so gas that contains fuel gas and raw material gas 
is exhausted from fuel gas generating device 10A. The 
fact that fuel gas is generated by performing the two ef- 
fects of a reforming reaction and hydrogen separation 
on raw material gas inside hydrogen separation com- 
posite 22 formed as a single unit in this way is the char- 
acteristic point of fuel gas generating device 10A of the 
second working example. 

[0175] Figure 19 is a cross section diagram of hydro- 
gen separation composite 22. As described above, hy- 
drogen separation composite 22 is constructed from a 
reforming layer and a hydrogen separation layer. The 
hydrogen separation layer has the same structure as the 
hydrogen separation composite of the first working ex- 
ample, with palladium fine particles 14 that are the hy- 
drogen separation metal supported in the pores of a po- 
rous support medium constructed using ceramic fine 
particles 13. For illustration purposes, palladium fine 
particles 14 are shown with gaps open, but in reality, as 
with the first working example, it is supported at a den- 
sity of a level that will fill the pores of the porous support 
medium. 

[0176] For the reforming layer, rhodium fine particle 
16 that are the catalyst are supported in the pores of a 
porous support medium constructed in the same way 
using ceramic fine particles 15. The reforming layer is 
constructed with the size of the ceramic fine particles 15 
smaller than those of the hydrogen separation layer, and 
with the diameter of the pores and the porosity greater 
than those of the hydrogen separation layer. Also, rho- 
dium fine particles 1 6 are not supported at a high density 
that would completely fill the pores, but instead are sup- 
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ported in a less dense state than the hydrogen separa- 
tion layer. In this way, it is possible to sufficiently diffuse 
raw material gas inside the reforming layer by adjusting 
the pore diameter, porosity, and density of rhodium fine 
particles 16 at the reforming layer. By constructing so 
~as~t o~i nc rease"t rfe"disp'ers i b i I ity of ~r h o di u m f i n e"p a rt icles" 
16 and sufficiently diffuse the raw material gas in this 
way, it is possible to increase the opportunity for contact 
between the raw material gas and rhodium fine parti- 
cles, and thus to promote the reforming reaction. Here, 
we showed an example of having different pore diame- 
ter and porosity for the reforming layer and the hydrogen 
separation layer, but hydrogen separation composite 22 
is not limited to this embodiment, and it is obvious that 
it is also acceptable to form both layers using a porous 
support medium of the same structure. 
[0177] Furthermore, with hydrogen separation com- 
posite 22, the composition of the ceramic fine particles 
for the reforming layer and hydrogen separation layer 
are also changed. With the hydrogen separation layer, 
palladium fine particles 14 are reliably supported in a 
state that fills the pores, so alumina particles that have 
a property of being very adaptable to palladium fine par- 
ticles 1 4 is used as ceramic fine particles 1 3. Meanwhile, 
with the reforming layer, ceria particles which have the 
properties of increasing the catalytic activity of the rho- 
dium fine particles and of promoting the reforming reac- 
tion are used as ceramic fine particles 15. By doing this, 
the reforming effect and hydrogen separation effect of 
the layers will work more effectively. The information 
noted here is nothing more than an example, and for 
each>layer, it is also possible to select ceramic fine par- 
ticles that have the effects described above according 
to the type of substance that supports the ceramic fine 
particles. Note that it is also acceptable to construct the 
reforming layer and hydrogen separation layer using ce- 
ramic fine particles of the same composition. 
[0178] Hydrogen separation composite 22 can be 
manufactured using one of the three manufacturing 
methods described below. Figure 20 is a process dia- 
gram of manufacturing method D of hydrogen separa- 
tion composite 22. With this manufacturing method, a 
porous support medium in which is supported hydrogen 
separation metal and a porous support medium in which 
is supported a catalyst are manufactured separately 
(steps S50 and S52), and these are joined together as 
a single unit (step S54). For joining, the two types of 
porous support medium can be put together and baked. 
For the manufacturing method for the porous support 
medium in which is supported hydrogen separation met- 
al and the porous support medium in which is supported 
a catalyst, it is possible to use manufacturing methods 
A through C described with the first working example 
(see figures 4 through 6). With the concerned manufac- 
turing methods, the hydrogen separation layer and re- 
forming layer are manufactured separately, so there is 
the advantage that it is easier to apply a state that is 
suitable for the effect for the manufacturing of each lay- 



er. 

[0179] Figure 21 is a process diagram of manufactur- 
ing method E of hydrogen separation composite 22. 
With this manufacturing method, the point of difference 
5 with manufacturing method D is that the hydrogen sep- 
aTatiori"Iayer aTTd refo7mihg"layer are manufacturecl'td^ - 
gether. Specifically, with manufacturing method E, first, 
a mixture of a hydrogen separation metal, a catalyst, ce- 
ramic fine particles, and an organic solvent is generated 

io (step S60). When the composition of the ceramic fine 
particles is changed for the hydrogen separation layer 
and the reforming layer, the two types of ceramic fine 
particles used for each of these are mixed. At this time, 
it is preferable that the two types of ceramic fine particles 

15 have a different specific gravity. 

[0180] Note that before this process, it is preferable 
to have a hydrogen separation metal and a catalyst sup- 
ported in the ceramic fine particles in advance. When 
changing the composition of each layer such as when 

20 constructing a porous support medium using palladium 
and alumina particles in the hydrogen separation layer 
and using rhodium and ceria particles in the reforming 
layer, if using this composition, an organic solvent is 
mixed after supporting palladium and rhodium in ad- 

25 vance, there is the advantage that it is possible to form 
both of these in layer form relatively easily. 
[0181] After performing centrifugal separation on a 
mixture generated in this way to separate the hydrogen 
separation metal and catalyst (step S62), this is molded 

30 and baked (step S64). When there are two types of ce- 
ramic fine particles with different specific gravity in the 
mixture, these fine particles are also separated together 
with the hydrogen separation metal and the catalyst. 
Though this is obvious, when the specific gravity of the 

35 hydrogen separation metal is greater than the specific 
gravity of the catalyst, it is necessary to make the spe- 
cific gravity of the ceramic fine particles of the hydrogen 
separation layer greater than the specific gravity of the 
ceramic fine particles of the reforming layer, and when 

40 the size relationship of the specific gravity of the hydro- 
gen separation metal and the catalyst is the reverse of 
this, then the size relationship of the specific gravity of 
the ceramic fine particles of each layer must be set to 
match this. With manufacturing method E, it is possible 

f5 to manufacture both the hydrogen separation layer and 
the reforming layer at once, so it is possible to simplify 
the manufacturing process for hydrogen separation 
composite 22, giving the advantage of being able to re- 
duce manufacturing costs. 

50 [01 82] Figure 22 is a process diagram of manufactur- 
ing method F of hydrogen separation composite 22. 
With this manufacturing method, a hydrogen separation 
metal and a catalyst are sequentially impregnated into 
a porous support medium. First, a porous support me- 

55 dium is manufactured (step S70), and then a solution of 
hydrogen separation metal is impregnated (step S72). 
Next, the hydrogen separation metal is moved inside the 
porous body using fluid pressure (step S74). With this 
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working example, we blew gas from one side of the po- 
rous support medium. When gas is blown, the solution 
impregnated by this pressure is moved into the pores of 
the porous support medium, and collects on the surface 
opposite to the side on which the gas was blown. The 
porous support medium is dried in this state, and a hy- 
drogen separation layer is formed by precipitating the 
hydrogen separation metal (step S76). 
[0183] Step S74 is a process that is performed with 
the goal of biasing the impregnated solution inside the 
porous support medium, so when blowing gas, it is nec- 
essary to blow using a pressure that is sufficients move 
the solution and at a pressure of a level whereby the gas 
will not be blown out anywhere else. Besides this meth- 
od, the process of step S74 can also be realized by de- 
gassing from one surface, and making an environment 
for which there is a pressure difference on both sides of 
the porous support medium. 

[0184] After forming a hydrogen separation layer in 
this way, a catalyst solution is impregnated in the porous 
support medium (step S78), and if this is dried and the 
catalyst is precipitated, it is possible to form a reforming 
layer (step S80). Note that when forming a reforming 
layer, it is not necessary to perform the process of mov- 
ing the solution using fluid pressure. 
[0185] For fuel gas generating device 10A that uses 
hydrogen separation composite 22 manufactured in this 
way, it is preferable to provide the gas flow path using 
the same structure as that of the first working example. 
In this case, it goes without saying that It is preferable 
to place hydrogen separation composite 22 such that 
the reforming layer contacts the side on which the raw 
material gas is supplied. 

[01 86] With the fuel cell system of the second working 
example explained above, it is possible to perform both 
a reforming reaction and hydrogen separation inside hy- 
drogen separation composite 22, so it is possible to sim- 
plify the structure of fuel gas generating device 1 0A, and 
to make the device more compact. Also, as with the first 
working example, hydrogen separation composite 22 
has high hydrogen separation capability, so the same 
effects can be obtained using the second working ex- 
ample. 

[0187] Note that it is also possible to use the various 
variation examples of the first working example on the 
second working example. For example, it is also possi- 
ble to use the structure shown for the first variation ex- 
ample for the hydrogen separation layer (see figure 10). 
The concerned hydrogen separation composite can al- 
so be manufactured using manufacturing method D, for 
example, by forming a porous support medium in which 
a hydrogen separation metal is supported, then baking 
this porous support medium, and after supporting the 
hydrogen separation metal in film form, joining this with 
the reforming layer. It is also suitable to mold hydrogen 
separation composite 22 of the second working exam- 
ple in a shape having bumps like that shown in figure 
12, or to join with a porous support medium for which 



mechanical strength can be ensured as shown in figure 
13. 

[01 88] With the second working example, we showed 
an example of a hydrogen separation composite 22 for 
5 which a hydrogen separation metal and a catalyst are 
supported in layer form. To perform a reforming reaction 
and hydrogen separation simultaneously within one po- 
rous support medium, it is not absolutely necessary to 
provide the hydrogen separation metal and the catalyst 
in layer form, and it is also possible to form a hydrogen 
separation composite in an embodiment with both items 
randomly mixed inside the porous support medium. This 
can be realized easily by omitting the process using cen- 
trifugal separation in manufacturing method E. 

H. Structure Examples of a Hydrogen Generating and 
Separation Mechanism 

[0189] For the working examples noted above, we will 
explain in further detail the internal structure of the unit 
explained as the reforming device. In figure 2, we 
showed a typical example of having the internal struc- 
ture of reforming device 10 be formed from reforming 
unit 11 and separation composite 12. In the explanation 
that follows, we will show an example of forming as a 
single unit from a part that generates a mixed gas that 
contains hydrogen using a reforming reaction from a raw 
material gas, etc. and from a part that separates hydro- 
gen from the mixed gas (hereafter referred to as the "hy- 
drogen generating and separation mechanism"). With 
the generating and separation mechanism as the core, 
the reforming device is constructed by providing items 
such as a mechanism that exhausts mixed gas and fuel 
gas after the supply and reaction of raw material gas 
and purge gas, respectively, and a mechanism that 
maintains the temperature required for a chemical reac- 
tion. 

[0190] Figure 23 is an explanatory diagram that 
shows the categories of hydrogen generating and sep- 
aration mechanism. At the upper level, we showed the 
categories according to things such as the flow path 
structure and the type of gas that flows in the flow path. 
At the lower level, we showed categories according to 
the type of additional mechanisms. As shown in the fig- 
ure, the flow path structure can be broadly categorized 
into cases of using a single pipe, a double pipe having 
a dual structure, or a flow path formed inside a porous 
monolith, and for each of these, it is possible to catego- 
rize into cases of forming a flow path that is a straight 
pipe with no curves, or cases of forming a flow path as 
a bent pipe with curves. Furthermore, for each flow path 
structure, it is possible to categorize into cases of flow- 
ing purge gas and cases of flowing raw material gas in- 
side the flow path. In the former case, the structure ex- 
tracts the hydrogen from outside the flow path into the 
flow path by flowing purge gas inside the flow path. In 
the latter case, the structure extracts hydrogen by per- 
forming a hydrogen generating reaction in the flow path 
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using a reforming reaction, etc., and by flowing purge 
gas outside the flow path. In the working examples be- 
low, we will show specific structural examples for repre- 
sentative items for the categories described above. Fig- 
ure 32 shows the correspondence between the struc- 
tures shownasexamplesand t he-categories rTheb lank 
categories in figure 23 are items for which examples 
have been omitted because they are structures for 
which it is possible to inferred from structures that are 
specifically shown as examples. This does not mean 
that these are categories that cannot be realized. 
[0191] As additional mechanisms, there are a parti- 
tion that controls the flow, a stirring apparatus, and a 
removable part. There is also a categorization based on 
cases when the type of gas flowed to sites where each 
of these mechanisms is provided is purge gas, and 
when it is raw material gas. In the working examples not- 
ed below, we show examples of representative struc- 
tures in these categories according to the correlation 
shown in figure 23. 

H1 . Structure 1 (Structure 1 that uses a single pipe that 
does not have curves) 

[0192] Figure 24 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 1 00 as structure t . Figure 24 (a) is 
an oblique diagram of the external appearance of the 
mechanism. Figure 24 (b) is a cross section diagram cut 
at the symmetric plane. As shown in the figure, hydro- 
gen generating and separation mechanism 100 is con- 
structed from main body 101 and multiple separation 
pipes 110. Main body 101 is formed as a porous material 
monolith in cylinder form. A reforming catalyst is sup- 
ported in the porous material. Raw material gas supply 
port 102 is joined to main body 101, and raw material 
gas such as a hydrocarbon is supplied to the porous 
pores. This raw material gas generates a reforming re- 
action by the effect of the reforming catalyst supported 
in the porous material, and generates a mixed gas that 
contains hydrogen. 

[01 93] Multiple holes 1 05 that pierces the monolith in 
the axial direction from end surface 1 04 are provided on 
main body 101. These holes 105 have a diameter with 
a slight margin in relation to the diameter of separation 
pipe 110. Separation pipes 110 are inserted into these 
holes 105. Figure 25 is an explanatory diagram that 
shows the structure of a separation pipe 1 1 0. A separa- 
tion pipe 110 is formed using the hydrogen separation 
composite explained previously with the first working ex- 
ample and the second working example. Specifically, as 
shown in figure 25 (a), with separation pipe 110, a sep- 
aration film 112 in which palladium is supported is pro- 
vided on the surface of cylindrical porous support medi- 
um 111. The various methods explained previously with 
the working examples can be used as the method for 
forming separation film 112. With structure 1 , as shown 
in figure 25 (a), a hollow separation pipe 110 is used, 



but as shown in figure 25 (b), it is also possible to form 
the pipe interior using a porous material. As shown in 
the figure, as a variation example, separation pipe 1 1 0A 
is constructed by providing separation film 112 on the 

5 surface of porous support medium 1 1 1 A formed in a cyl- 

inder"shaperWith-the-variation*"example7there-arethe* 

advantages that forming the separation pipe 11 OA is 
easy, and it is possible to increase the strength. With 
structure 1, it is also possible to use either separation 

10 pipe 110 or 11 OA. 

[0194] As shown in figure 24 (b), the hydrogen in the 
mixed gas generated by the main body 101 is extracted 
into separation pipe 110 inside hole 105. This hydrogen 
is carried downstream as fuel gas together with the 

15 purge gas. The gas that remains inside main body 1 01 , 
in other words, the gas after hydrogen has been sepa- 
rated form the mixed gas, is exhausted from exhaust 
port 103. 

[0195] In figure 24, though not illustrated, to realize 
20 the flow described above, with the first structure, the sur- 
face of main body 1 01 is sealed so that mixed gas does 
not flow out. The juncture of raw material gas supply port 
102 (area A in the figure), the juncture of exhaust port 
1 03, and the gap between the hole for inserting separa- 
25 tion pipe 1 1 0 and separation pipe 1 1 0 (area B in the fig- 
ure) are also sealed to avoid gas leaks. It is also possible 
to cover hydrogen generating and separation mecha- 
nism 100 with an airtight casing. 

[0196] Structure 1 is constructed by inserting single 
30 pipe separation pipe 1 1 0 with no curves, so there is the 
advantage that manufacturing is easy. It is possible to 
extract hydrogen at separation pipe 110 while reforming 
at main body 1 01 , so there is also the advantage of be- 
ing able to make the device more compact. As explained 
35 using the first working example, etc., by using purge 
gas, there is also the advantage of having high hydrogen 
separation efficiency. 

[0197] With structure 1 , we showed an example of a 
case where main body 101 that performs the reforming 

40 reaction is formed by a porous material monolith. Vari- 
ous structures can be used for main body 101. For ex- 
ample, it is also possible to construct it by filling a cata- 
lyst in an airtight container. For separation pipe 110 as 
well, this is not limited to being a cylinder, and a variety 

<5 of cross section shapes can be used. The number of 
and placement of the separation pipes 110 are not re- 
stricted to the example shown in figure 24. 

H2. Structure 2 (Structure 2 that uses a single pipe that 
50 does not have curves) 

[0198] Figure 26 is an explanatory diagram that 
shows the structure of hydrogen generation and sepa- 
ration mechanism 150 as structure 2. A cross section 
55 diagram of the symmetric plane is shown. The external 
appearance is the same as that of structure 1. With 
structure 2, the purge gas and raw material gas flow 
sites are the reverse of those of structure 1 . The device 
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structure itself is the same as structure 1 , and separation 
pipes 160 are inserted into holes 155 that are provided 
in main body 151 formed by a porous material monolith. 
Steam is supplied as purge gas from supply port 152 
that is joined to the main body 151, and after hydrogen 5 
is extractedfrom separation pipes 1 60, this is exhausted 
from exhaust port 153 as fuel gas. At main body 151, 
no chemical reaction occurs, so no catalyst is support- 
ed. 

[0199] Figure 27 is an explanatory diagram that io 
shows the structure of a separation pipe 1 60. With struc- 
ture 2, raw material gas is supplied inside separation 
pipes 160 to perform a reforming reaction, so the point 
of providing a catalyst differs from structure 1. Separa- 
tion pipe 1 60 is constructed using the hydrogen sepa- *s 
ration composite explained with the first working exam- 
ple, etc. As shown in figure 27 (a), separation film 1 62 
is provided on the surface of porous support medium 
1 61 . The inside of separation pipes 1 60 is filled with pel- 
let shaped reforming catalyst 163. Because there is a 20 
porous support medium 161, reforming catalyst 163 
does not directly contact separation film 1 62. Therefore, 
there is the advantage of not having the risk of the par- 
ticles of reforming catalyst 1 63 causing damage to sep- 
aration film 162 due to vibration during operation, etc. 25 
Also, the pellet shaped reforming catalyst 163 can be 
easily refilled, so there is the advantage of maintenance 
of the hydrogen generating and separation mechanism 
being easy. 

[0200] The catalyst of separation pipe 1 60 can also 30 
be supported in a porous support medium. Figure 27 (b) 
shows the structure of separation pipe 1 60A as a vari- 
ation example. As shown in the figure, with separation 
pipe 160A of the variation example, separation film 
1 62A is formed on the surface of a porous support me- 35 
dium formed in a cylinder shape. A reforming catalyst is 
supported in porous support medium 161 A. If the con- 
cerned structure is used, there is the advantage that 
evenly supporting the reforming catalyst is easy, and 
that it is possible to ensure the strength of separation *o 
pipe 160. 

[0201] With hydrogen generating and separation de- 
vice 150 of structure 2, there are the same advantages 
of structure 1. For structure 2 as well, it is possible to 
realize the same variation examples as structure 1 . *s 

H3. Structure 3 (Structure 1 that uses a single pipe that 
has curves) 

[0202] Figure 28 is an explanatory diagram that so 
shows the structure of a hydrogen generating and sep- 
aration mechanism 200 as structure 3. This shows an 
oblique diagram of the state cut at the symmetric plane. 
Hydrogen generating and separation mechanism 200 of 
structure 3 has a U shaped separation pipe 210 that 55 
pierces into main body 201 . The structure of separation 
pipe 210 is the same as that of separation pipe 110 of 
structure 1 (see figure 25). Raw material gas supply port 



202 and exhaust port 203 are joined to main body 201 . 
Main body 201 is an airtight container, and the interior 
(the part shown by cross hatching in the figure) is filled 
with a reforming catalyst. The raw material gas supplied 
for supply port 202 is reformed inside main body 201 . 
Purge gas is flowed into separation pipe 210, and the 
hydrogen generated by main body 201 is extracted into 
separation pipe 210. 

[0203] Hydrogen generating and separation mecha- 
nism 200 of structure 3 has the same advantages as 
structure 1 , such as manufacturing being relatively easy. 
Separation pipe 210 is curved in a U shape, so there is 
also the advantage of being resistant to heat distortion. 
Generally, reforming reactions are performed at high 
temperatures, so there is a big temperature difference 
between when hydrogen generating and separation 
mechanism 200 is operating and when it is stopped. 
These temperature differences invite expansion and 
contraction of separation pipe 210. With structure 3, the 
curved part of separation pipe 210 is the free end that 
is not fixed to main body 201, so separation pipe 210 
can expand and contract with relative freedom in the ax- 
is direction due to heat. Therefore, structure 3 has the 
advantage of being able to suppress the possibility of 
damage occurring to separation pipe 210 due to heat 
stress. There is also the advantage that separation pipe 
210 that has a curve can increase the capacity efficien- 
cy. In other words, by having a curve, it is possible for 
separation pipe 210 to be efficiently housed in main 
body 201 . As a result, it is possible to increase the area 
at which separation pipe 210 contacts mixed gas, so it 
is possible to increase the hydrogen separation efficien- 
cy. 

[0204] With structure 3, we showed an example of a 
case when main body 201 is constructed from an airtight 
container. Main body 201 can also be formed using a 
porous material in which a reforming catalyst is support- 
ed. 

H4. Structure 4 (Structure 2 that uses a single pipe that 
has curves) 

[0205] Figure 29 is an explanatory diagram that 
shows the structure of a hydrogen generating and sep- 
aration mechanism 250 as structure 4. This shows an 
oblique diagram of being cut at the symmetric plane. Hy- 
drogen generating and separation mechanism 250 of 
structure 4 is different from structure 3 in that purge gas 
flows into main body 251 and reforming is performed 
from the raw material gas inside separation pipe 260. 
There is no catalyst supported inside main body 251 . 
The structure of separation pipe 260 the same as that 
of separation pipe 160 of structure 2 (see figure 27). 
With structure 4 as well, there are advantage s such as 
manufacturing being easy, being resistant to heat dis- 
tortion, and having excellent capacity efficiency and hy- 
drogen separation efficiency. Also, as with structure 2, 
it is possible to avoid contact between the catalyst and 
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the hydrogen separation film, so there is also the advan- 
tage of being able to protect the hydrogen separation 
film. 

H5. Structure 5 (Structure 3 that uses a single pipe that 
— has'curves) 

[0206] A structure that has a curve in the separation 
pipe and that increases the capacity efficiency as well 
as the;hydrogen separation efficiency can be realized in 
various forms. Figure 30 is an explanatory diagram that 
shows-the structure of hydrogen generating and sepa- 
ration mechanism 300 as structure 5. This shows an ob- 
lique diagram of the state cut at the symmetric plane. 
With the mechanism of structure 5, multiple separation 
pipes 31 0 that have a curve pierce into main body 301 . 
The structure of separation pipes 310 is the same as 
that of separation pipe 1 60 of structure 2 (see figure 27). 
Supply port 302 and exhaust port 303 are joined to main 
body 301 . The hydrogen that is generated inside sepa- 
ration pipes 310 by the purge gas supplied from supply 
port 302 is extracted into main body 301. In this way, if 
the structure has multiple curves, it is possible to further 
increase the capacity efficiency of separation pipes 31 0, 
and also to make the device thinner. Note that it is also 
possible to have a structure that flows purge gas into 
separation pipes 310 to perform reforming in main body 
301 . Also, the number and shape of the curves of sep- 
aration pipes 310 are not limited to those shown in the 
figure. 

H6. Structure 6 (Structure 4 that uses a single pipe that 
has curves) 

[0207] Figure 31 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 350 as structure 6. It shows a cross 
section diagram shown from the top. Main body 351 is 
a circular container, and supply port 352 and exhaust 
port 353 are attached tot his. Main body 351 has a re- 
forming catalyst supported in it for use- in reforming the 
raw material gas supplied from supply port 352. Sepa- 
ration pipe 360 is formed in a spiral shape, and purge 
gas is supplied inside it. The structure of separation pipe 
360 is the same as that of structure 1 (see figure 25). 
[0208] In this way, if the structure is madeto have con- 
tinuous curves, it is possible to further increase the ca- 
pacity efficiency of separation pipe 360, and to make the 
device thinner. Note that it is also possible to have a 
structure with which reforming is done inside separation 
pipe 360 and purge gas is supplied inside main body 
351. 

H7. Structure 7 (Structure 5 that uses a single pipe that 
has curves) 

[0209] Figure 32 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 



ration mechanism 400 as structure 7. Main body 401 is 
an airtight container, and supply port 402 and exhaust 
port 403 are joined to it. Main body 401 has a reforming 
catalyst supported in it for reforming the raw material 
5 gas that is supplied from supply port 402. Separation 

pipe-410-is-formedin~a-spira|-shaperandpurge"gas-is- 

supplied to its interior. The structure of separation pipe 
410 is the same as that of structure 1 (see figure 25). 
[0210] If separation pipe 410 is placed three dimen- 
10 sionally in this way, then it is possible to further increase 
the capacity efficiency of separation pipe 410, and it is 
possible to increase the hydrogen separation efficiency. 
Note that when a separation pipe 410 having many 
curves is formed, it is preferable to use a metal porous 
J5 material as the porous support medium. The ductility of 
metal makes it easier to form separation pipe 410 and 
also has the advantage of making it easierto avoid dam- 
age due to vibration during operation. Use of a metal 
porous material is not limited to structure 7, and is ef- 
20 fective when providing curves in separation pipes. 

H8. Structure 8 (Structure 1 that uses a double pipe that 
does not have curves) 

25 [0211] Figure 33 is an explanatory diagram that 
shows the structure of hydrogen generating separation 
mechanism 450 as structure 8. The mechanism of struc- 
ture 8 is structured with separation pipe 460, which is 
formed as a double pipe, inserted into main body 451 . 

30 Supply port 452 and exhaust port 453 are joined to main 
body 451. Main body 451 is an airtight container filled 
with a reforming catalyst, and raw material from supply 
port 452 is reformed here. It is also possible to form main 
body 451 with a porous material in which a reforming 

35 catalyst is supported. 

[0212] Separation pipe 460 is constructed with inner 
pipe 461 for which both ends are open inserted into out- 
er pipe 462 for which only one end is open. Outer pipe 
462 and inner pipe 461 are formed in the same way as 

to separation pipe 110 of structure 1 (see figure 25). Outer 
pipe 462 and inner pipe 461 are fixed at the right side 
in the figure. Purge gas is supplied to inner pipe 461 , 
and extracted from outer pipe 462 is fuel gas for which 
the hydrogen generated by main body 451 is extracted. 

45 The flow of inner pipe 461 and outer pipe 462 can be 
the reverse as well. 

[0213] With the mechanism of structure 8, separation 
pipe 460 is structured as a double pipe for which free 
expansion and contraction due to heat is possible for 

so jnner pipe 461 and outer pipe 462, so there is the ad- 
vantage that it is possible to further reduce the effects 
due to heat distortion. For example, when using steam 
as the purge gas, rather than steam, water is sprayed 
in inner pipe 461 . When performing reforming at main 

55 body 451 , separation pipe 460 is exposed to a high tem- 
perature atmosphere, so the water sprayed by that heat 
is vaporized. Water is vaporized by the heat from the 
fuel gas in outer pipe 462 being absorbed, so the fuel 
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gas temperature decreases according to the vaporiza- 
tion heat. With structure 8, with this effect, it is possible 
to have the temperature of the fuel gas more closely ap- 
proach the operating temperature of the fuel cell. 

H9. Structure 9 (Structure 2 that uses a double pipe that 
does not have curves) 

[0214] Figure 34 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 500 as structure 9. The point of dif- 
ference from structure 8 is that purge gas is flowed into 
main body 501 and reforming reactions, etc. are per- 
formed at separation pipe 5 1 0 which is formed as a dou- 
ble pipe. Main body 501 is an airtight container in which 
no catalyst is supported. Main body 501 can also be 
formed using a porous material. Purge gas is supplied 
from supply port 502, and hydrogen that was generated 
in separation pipe 510 is extracted and exhausted from 
exhaust port 503. 

[021 5] Separation pipe 5 1 0 , as with structure 8, forms 
a double structure made from inner pipe 511 and outer 
pipe 512. Raw material gas is supplied to inner pipe 51 1 
and exhausted from outer pipe 512. Inner pipe 511 and 
outer pipe 512 have the same structure as separation 
pipe 1 6 of structure 2 (see figure 27). Inner pipe 511 and 
outer pipe 512 are filled with a catalyst for generating 
hydrogen from raw material gas. With structure 9, a cat- 
alyst for reforming reactions is supported in the inner 
pipe 511, and a catalyst for shift reactions is supported 
in outer pipe 512. Raw material gas is exhausted 
through both reforming reactions and shift reactions. 
[021 6] With structure 9, it is possible to realize a unit 
that performs two types of chemical reactions, reforming 
reactions and shift reactions, in a single structure, mak- 
ing it possible to make the device more compact. There 
is also an advantage from the perspective of reaction 
heat. Generally, reforming reactions are performed at 
high temperatures of approximately 600 to 800 °C, and 
shift reactions are performed at temperatures of approx- 
imately 200 to 400 °C. The operating temperature of a 
fuel cell is slightly lower than the temperature of a shift 
reaction. With structure 9, the item that contacts the 
purge gas is outer pipe 512 that performs the shift reac- 
tion, and inner pipe 511 that performs reforming reac- 
tions is provided inside this. In other words, the structure 
is such that the gas temperature becomes lower in the 
sequence of inner pipe 511, outer pipe 512, and main 
body 501 . Therefore, structure 9 has advantages from 
the perspective of advancing both reforming and shift 
reactions, and from the perspective of having the tem- 
perature of the extracted hydrogen approaching the op- 
erating temperature of a fuel cell. Note that for structure 
9, besides combination of reforming reactions and shift 
reactions, it is also possible to perform selective oxida- 
tion reactions of carbon monoxide at outer pipe 512. 



H10. Structure 10 (Structure 3 that uses a double pipe 
that does not have curves) 

[0217] Figure 35 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 550 as structure 10. With the mech- 
anism of structure 1 0, the point of difference from struc- 
ture 9 is that single chemical reactions are performed 
inside separation pipe 560. Main body 551 , supply port 
552, and exhaust port 553 have the same structures as 
those of structure 9. Separation pipe 560 is formed from 
inner pipe 561 and outer pipe 562, and the difference 
from structure 9 is that a reforming catalyst is supported 
in both of these. Even with the concerned structure, 
there are the advantages of manufacturing being easy, 
being able to have the reforming unit and hydrogen sep- 
aration unit in a single unit structure so it is possible to 
make the device more compact, and not being suscep- 
tible to heat distortion. 

H11. Structure 11 (Structure that uses a flow path within 
a porous monolith) 

[0218] Figure 36 is an explanatory diagram that 
shows the structure of hydrogen generating separation 
mechanism 600 as structure 11 . This shows an oblique 
diagram of a cross section at the symmetric plane. 
Structure 11 is constructed with a generating and sep- 
aration pipe 610 formed by a porous material monolith 
attached to airtight casing 601. 

[0219] Figure 37 is an explanatory diagram that 
shows the structure of generating and separation pipe 
61 0. As shown in the figure, main body 61 1 of generating 
and separation pipe 610 is constructed in cylinder form 
by a porous monolith. There are multiple holes 613 
which are the flow path for purge gas provided inside 
main body 611. As shown in figure 36, holes 613 are 
formed without any curves, but it is also acceptable to 
provide them with curves. 

[0220] A hydrogen separation film is formed by the hy- 
drogen separation composite explained previously with 
the first working example, etc. at holes 613 and end sur- 
face 612 of main body 611. The parts shown by bold 
lines in figure 36 are the hydrogen separation film. As 
shown in the figure, the hydrogen separation film is 
formed to cover the inner periphery of the holes 613 and 
the end surface 612. The separation film can be formed 
using various methods including an impregnation sup- 
port method, a physical vapor deposition method, or a 
chemical vapor deposition method. The parts marked 
by cross hatching in figure 37 indicate areas where a 
hydrogen separation film is not formed, and the porous 
material can be seen. 

[0221 ] Pipes for supplying gas to generating and sep- 
aration pipe 610 are provided in casing 601 of structure 
1 1 . As shown in figure 36, these are supply port 602 and 
exhaust port 603 that supply and exhaust raw material 
gas at the side surface of generating and separation 



10 



15 



20 



25 



30 



35 



40 



45 



50 



24 



47 



EP 1 258 283 A1 



48 



pipe 610. Casing 601 is sealed at its junction with gen- 
erating and separation pipe 610 so that raw material gas 
supplied from supply port 602 does not leak to end sur- 
face 612 of generating and separation pipe 610. A 
mechanism is also provided that prevents leaking of gas 
~supplied from-supply-port"602 to~exhaust port"603~via~ 
the periphery of generating and separation pipe 610. 
Manifolds 604 and 605 are provided in the axis direction 
of casing 601 to supply and exhaust purge gas. As 
shown:by the arrow in figure 36, the purge gas supplied 
from manifold 604 passes out of holes 61 3 of generating 
and separation pipe 610, and with the hydrogen gener- 
ated by reforming at main body 611 extracted, is ex- 
hausted from manifold 605. 

[0222] With the mechanism of structure 11 , it is pos- 
sible to realize generation and separation of hydrogen 
with generating and separation pipe 61 0 as a single unit, 
so it is possible to make the device more compact. The 
goal is achieved by forming a hydrogen separation film 
on the holes of the porous monolith, so there is also the 
advantage of manufacturing being easy. Main body 611 
is formed using a porous monolith, so there is also the 
advantage of having excellent strength. Note that for 
structure 11, it is also possible to supply purge gas to 
main body 611 and to perform reforming inside holes 
613. In this case, as with structure 2, it is possible do 
something like fill holes 613 with a reforming catalyst. 

H12. Structure 12 (Structure 1 that uses a partition) 

[0223] Figure 38 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 650 as structure 12. The key points 
of the structure are the same as structure 4. The point 
of difference from structure 4 is that a partition 654 is 
provided in main body 651 to control the flow of purge 
gas. 

[0224] With structure 12, as shown by the white ar- 
rows in thefigure, purge gas is supplied from supply port 
653, and after flowing along partition 654, is exhausted 
from exhaust port 652. Meanwhile, the raw material gas 
flows inside separation pipe 660 in the direction shown 
by the filled in arrows in the figure. In the area where 
purge gas flows along partition 654, the mixed gas in- 
side the separation pipe and the purge gas flow in op- 
posing directions. As explained previously with figure 7, 
if the flow of the mixed gas and purge gas is made to be 
in opposing directions, then it is possible to expand the 
hydrogen partial pressure of both, and to increase the 
hydrogen separation efficiency. By using this effect, 
structure 12 has the advantage of being able to efficient- 
ly separate hydrogen. Note that with structure 12, it is 
also possible to flow purge gas to separation pipe 660 
and to supply raw material gas to main body 651 . 

H13. Structure 13 (Structure 2 that uses a partition) 

[0225] Figure 39 is an explanatory diagram that 



shows the structure of hydrogen generating and sepa- 
ration mechanism 700 as structure 13. The key parts of 
the structure are the same as those of structure 8. The 
point of difference with structure 8 is that a partition 704 
5 is provided at main body 701 to control the flow of purge 
gas: — 

[0226] As shown by the white arrows in the figure, 
purge gas flows from the inner pipe toward the outer 
pipe in separation pipe 71 0 which is formed as a double 

10 pipe. As shown by the arrows in the figure, the raw ma- 
terial gas is suppliedfrom supply port 702, and after hav- 
ing the flow direction turned multiple times by partition 
704, is exhausted from exhaust port 703. The number 
and shape of partition 704 are not limited to the example 

is shown in the figure. 

[0227] With structure 13, the raw material gas flows 
in a direction orthogonal to separation pipe 710. It has 
been confirmed through experiments that there is an in- 
crease in the hydrogen separation efficiency by flowing 

20 in this direction. Note that with structure 13, it is also 
possible to perform reforming inside separation pipe 
710 and to supply purge gas to main body 701. The 
structure is not restricted to having the raw material gas 
in a state flowing in a strictly orthogonal direction to sep- 

25 aration pipe 71 0, but can also flow in a direction that has 
a slope in relation to separation pipe 710. As a mecha- 
nism for controlling the flow of the raw material gas, it is 
also possible to use a vane instead of partition 704. 

30 H14. Structure 14 (Structure that uses a mixer) 

[0228] Figure 40 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 750 as structure 14. This shows an 

35 oblique diagram of the cross section when cut at the 
symmetric plane. The key points of the structure are the 
same as those of structure 3. The point of difference 
from structure 3 is that a fan 755 that stirs the gas is 
provided inside main body 751 . 

40 [0229] A reforming catalyst is filled or supported in 
main body 751 , and the raw material gas supplied from 
supply port 752 is reformed inside main body 751 , and 
after the hydrogen is extracted, it is exhausted from ex- 
haust port 753. The purge gas is supplied to separation 

45 pipe 760 and hydrogen is extracted from main body 751 . 
[0230] To avoid inhibition of rotation of fan 755 by the 
reforming catalyst that fills main body 751 , a gauge 754 
is provided at the front of fan 755. Fan 755 is driven by 
motor 756 which is provided outside main body 751. 

50 Here, we have shown an example of the waste heat gen- 
erated during operation of fuel cell 4 being converted to 
power by Peltier element 757 to drive motor 756. Motor 
756 is not limited to this structure, and can also be driven 
using output from a battery or fuel cell. 

55 [0231] We will explain the effects of structure 1 4. Fig- 
ure 41 is an explanatory diagram that shows the stirring 
effect of fan 755. This shows the change over time in 
hydrogen partial pressure near separation pipe 760. 
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The solid line shows changes when operating fan 755, 
and the dotted line shows the changes when not using 
fan 755. 

[0232] At the start of operation (state A in the figure), 
the raw materials are reformed in main body 751, and 5 
hydrogen and carbon monoxide are generated. At this 
point, the hydrogen partial pressure near separation 
pipe 760 is relatively high. Hydrogen is gradually ex- 
tracted into separation pipe 760 by the hydrogen partial 
pressure difference inside and outside separation pipe 10 
760. States B and C show the distribution of hydrogen 
and carbon monoxide after a set time has elapsed. Be- 
cause hydrogen is gradually extracted from near sepa- 
ration pipe 760, when fan 755 is note used (state B), 
there is mainly carbon monoxide near separation pipe is 
760. In other words, as shown by the dotted line in the 
figure, the hydrogen partial pressure near separation 
pipe 760 gradually decreases over time. Meanwhile, if 
the mixed gas in main body 751 is stirred using fan 755, 
even after a set time has elapsed, about the same 20 
amount of hydrogen as when operation started exits 
near separation pipe 760 (state C), and the hydrogen 
partial pressure does not decrease. With structure 14, 
by stirring the mixed gas in main body 751 in this way, 
it is possible to suppress the decrease in hydrogen par- 25 
tial pressure near separation pipe 760, and it is possible 
to maintain the hydrogen separation efficiency. 
[0233] For structure 14, it is also possible to supply 
raw material gas to separation pipe 760 and to supply 
purge gas to main body 751 . Main body 751 is not filled so 
with a catalyst, etc., so it is also acceptable to omit 
gauge 754. With this structure, fan 755 exhibits the ef- 
fect of always maintaining a low state of the hydrogen 
partial pressure near separation 760, so it is possible to 
maintain hydrogen separation efficiency. 35 

H15. Structure 15 (Structure that has a detachable part) 

[0234] Figure 42 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- *o 
ration mechanism 800 as structure 15. This shows an 
oblique diagram of the state cut at the symmetric plane. 
The key points of the structure are the same as those 
of structure 4. In main body 801 , purge gas flows from 
supply port 802 to exhaust port 803. A reforming catalyst *s 
is filled in separation pipe 810, and this reforms the raw 
material gas. However, with structure 15, the point of 
difference with structure 4 is that a removable part 811 
is provided for maintenance at separation pipe 810. As 
shown in the figure, the curved part of separation pipe so 
810 can be pulled out in the axis direction from the junc- 
ture with the straight part. By pulling out removable part 
811 , it is possible to easily perform maintenance such 
as exchanging the catalyst that fills this part. If remova- 
ble part 81 1 is pulled out, it is also easy to exchange the 55 
catalyst inside the straight part of separation pipe 81 0. 
[0235] Main body 801 has a lid 804 provided on the 
side at which removable part 811 is pulled out to make 



this maintenance possible. During maintenance, lid 804 
is removed and removable part 811 is pulled out. To 
keep an airtight state, the space between lid 804 and 
main body 801 is sealed. 

[0236] With the mechanism of structure 1 5, in addition 
to the same advantages of structure 4 such as increas- 
ing hydrogen separation efficiency, there is also the ad- 
vantage of having excellent maintainability. This is ef- 
fective for use on structures that have a catalyst filled or 
supported in separation pipe 810. It is also possible to 
use this for a structure thatflows purge gas to separation 
pipe 810 and performs reforming at main body 801 . Note 
that structure 15 can also be used on various structures 
for which removal is possible upstream or downstream 
from the curved part. With figure 42, we showed an ex- 
ample of a structure that pulls out in the axis direction, 
but the structure in not limited to this. 

H16. Structure 16 (Structure that uses a thermal stress 
suppression mechanism) 

[0237] Figure 43 is an explanatory diagram that 
shows the structure of hydrogen generation and sepa- 
ration mechanism 900 as structure 16. This shows a 
cross section diagram with the cut at the symmetric 
plane. We showed an example of using a bellows as a 
heat stress suppression mechanism to avoid damage 
to the hydrogen separation pipe due to heat during op- 
eration. 

[0238] Hydrogen generating and separation mecha- 
nism 900 is formed by incorporation of a porous mono- 
lith 950 and hydrogen separation pipe 910 in a case. 
Porous monolith 950 has a reforming catalyst supported 
in it. Hydrogen separation pipe 910 is a pipe formed by 
a porous support medium in which a hydrogen separa- 
tion metal is supported. The structures of these are the 
same as structure 1 (see figure 24). 
[0239] The case is constructed by fastening covers 
901 A and 901 B to both ends of main body 901 which is 
open at both ends using bolt 901 C. Inserted between 
main body 901 and covers 901 A and 901 B are separa- 
tors 930 and 931 that prevent leaks of purge gas and 
mixed gas. Hydrogen separation pipe 910 has an SUS 
pipe 91 1 attached to the opening of both ends, and this 
is joined to the holes provided on separators 930 and 
931 . The connection is made via bellows 920 at sepa- 
rator 930 on the side where purge gas is supplied. 
[0240] The inside area separated by separators 930 
and 931 becomes the flow path for the raw material gas. 
As shown in the figure, the raw material gas supplied 
from supply port 902M passes through the periphery of 
bellows 920 and is supplied to porous monolith 950. To 
suppress bias of the flow volume distribution near the 
inlet of porous monolith 950, baffle plate 906 which has 
multiple orifices is provided. The raw material gas that 
passes through porous monolith 950 is exhausted from 
exhaust port 903M. Baffle plate 906 achieves a guide 
function of controlling the specified range of movement 



45 



50 



26 



DMcnnrtn- ,cd 



51 



EP 1 258 283 A1 



52 



of SUS pipe 911. Doing this allows an increase in the 
resistance to vibration. 

[0241] The outside area separated by separators 930 
and 931 becomes the flow path of the purge gas. As 
shown in the figure, the purge gas supplied from supply 
port"902P is s'uppliecTto 'hydrogen separation* pipe~91 0 
through bellows 920, and is exhausted from exhaust 
port 903P. To suppress the bias of purge gas flow vol- 
ume distribution near the inlet of bellows 920, a baffle 
plate 905 having multiple orifices is provided. Note that 
the diameters of the orifices of baffle plates 905 and 906 
are set by experimentation, etc, at each site to obtain 
approximately even flow volume distribution. The orifice 
diameters do not have to be constant. 
[0242] With hydrogen generating and separation 
mechanism 900 of structure 16, it is possible to sup- 
press heat stress by using bellows 920. This mechanism 
becomes hot during operation, so heat distortion occurs 
at hydrogen separation pipe 910. When both ends of 
hydrogen separation pipe 91 0 are restricted, heat stress 
occurs due to this heat distortion. In contrast to this, with 
structure 16, bellows 920 expands and contracts ac- 
cording to the heat distortion, so it is possible to sup- 
press heat stress. Therefore, it is possible to avoid dam- 
age, etc. to hydrogen separation 91 0 due to heat stress. 
[0243] With hydrogen generating separation mecha- 
nism 900 of structure 16, through the effect of baffle 
plates 905 and 906, it is possible to supply purge gas 
and raw material gas without bias. When the cross sec- 
tion area of porous monolith 950 and hydrogen separa- 
tion pipe 910 is greater than the cross section area of 
the purge gas and raw material gas piping, there are 
many cases when a difference in easy of gas flow occurs 
depending on the site. This difference invites bias of the 
flow volume distribution. This bias can be suppressed 
by providing baffle plates 905 and 906. By supplying gas 
approximately evenly, it is possible to increase the effi- 
ciency of the chemical reactions and hydrogen separa- 
tion. 

[0244] Bellows 920 and baffle plates 905 and 906 of 
structure 16 can be used selectively as necessary. It is 
possible to make the structure with bellows 920 omitted, 
or to have a structure with baffle plates 905 and 906 
omitted. With structure 16, in place of bellows 920, it is 
also possible to use another expansion and contraction 
mechanism. 

H 1 7. Structure 1 7 (Variation example of a thermal stress 
suppression mechanism) 

[0245] Figure 44 is an explanatory diagram that 
shows the structure of hydrogen generating and sepa- 
ration mechanism 900A as structure 17. This shows an 
example of providing a high pressure steam layer as a 
heat stress suppression mechanism in place of the bel- 
lows of structure 1 6. 

[0246] Two separators 930A and 930B are provided 
on the gas supply side for hydrogen generating and sep- 



aration mechanism 900A. Main body 901 and connector 
901 D are connected while sandwiching separator 930B. 
Connector 901 D and cover 901 A are connected while 
sandwiching separator 930A. Steam is supplied to con- 

5 nector 901 D. The pressure of this steam is set higher 
than t he pressUre~of'the purge gas or raw!1lateTial"gasT 
[0247] Hydrogen separation pipe 910 is supported 
held on one side by separator 931 on the exhaust side. 
The other end is the free end, and this pierces through 

w separators 930A and 930B and is open. As shown in the 
figure, the purge gas that is supplied from supply port 
902P flows into a pipe from each opening of hydrogen 
separation pipe 910. The structure of the other parts is 
the same as that of structure 16. 

is [0248] The steam layer of connector 901 D works as 
a separating mechanism that prevents leaks of purge 
gas and raw material gas together with separators 930A 
and 930B. Even when there is a gap between hydrogen 
separation pipe 91 0 and separators 930A and 930B, the 

20 pressure of the steam is higher than that of the purge 
gas and raw material gas, so these gases do not flow 
into the steam layer. 

[0249] With the hydrogen generation of structure 17, 
one end of hydrogen separation pipe 91 0 is a free end, 

25 so heat stress does not occur. Also, using the steam lay- 
er effect, it is possible to easily prevent leaks of purge 
gas and raw material gas while having one end of hy- 
drogen separation pipe 910 be a free end. 
[0250] With structure 17, it is also acceptable to con- 

30 nect pipes made of other material to hydrogen separa- 
tion pipe 91 0 and to use a length that can pierce through 
separators 930B and 930A. Various inert gases other 
than steam can be used at connector 901 D. It is also 
possible to make a seal using a gasket, etc., in place of 

35 connector 901 D. 

[0251] With structure 1 7, we showed an example of a 
structure with the baffle plate omitted. To make the flow 
volume distribution even, it is also possible to provide a 
baffle plate as necessary. 

40 

H1 8. Structure 1 8 (Variation example of a thermal stress 
suppression mechanism) 

[0252] Figure 45 is an explanatory diagram that 
45 shows the structure of hydrogen generating and sepa- 
ration mechanism 900B as structure 1 8. As a heat stress 
suppression mechanism, instead of the bellows of struc- 
ture 16, we showed an example of a case using a slide 
pipe. 

50 [0253] As shown in the figure, an outer pipe 91 0C with 
a diameter that is slightly larger than that of hydrogen 
separation pipe 91 0B is connected to separator 930 that 
is inserted between main body 901 and cover 901 A. For 
hydrogen separation pipe 91 0B, one end is inserted in 

55 this outer pipe 91 0C, and the other end is connected to 
separator 931 on the exhaust side. The space between 
outer pipe 91 0C and hydrogen separator 91 0B is 
sealed. The material of outer pipe 91 0C can be the same 
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material or a different material from that of hydrogen 
separation pipe 91 OB. The purge gas suppliedfrom sup- 
ply port 902P passes through outer pipe 91 OC from sep- 
arator 930 and is supplied to hydrogen separation pipe 
91 OB. The structure of the other sites are the same as 
structure 16. 

[0254] With hydrogen generating and separation 
mechanism 900B of structure 18, the free end of hydro- 
gen separation pipe 91 OB can slide inside outer pipe 
91 OC. Therefore, even if heat distortion occurs with hy- 
drogen separation pipe 91 OB, heat stress does not oc- 
cur. 

[0255] With structure 1 8, we showed a structure that 
omits the baffle plate. It is also possible to provide a baf- 
fle plate as necessary to make the flow volume distribu- 
tion even. 

H19. Structure 19 (Variation example of a flow volume 
averaging mechanism) 

[0256] Figure 46 is an explanatory diagram that 
shows the structure of a hydrogen generating and sep- 
aration mechanism as structure 19. The figures shows 
only the area near the purge gas supply port. The other 
parts are the same as structure 16. 
[0257] As a mechanism for averaging the flow volume 
distribution of the supplied gas, instead of the baffle 
plate of structure 16, structure 19 is provided with a de- 
flection plate 905A. The flow direction of the purge gas 
suppliedfrom supply port902P is deflected from the axis 
direction in the circumference direction by approximate- 
ly 90 degrees by deflection plate 905A. Deflection plates 
905A are provided at multiple levels, and the flow vol- 
ume distribution of the purge gas is averaged using 
these deflection plates 905A. Therefore, approximately 
equivalent purge gas is supplied to each hydrogen sep- 
aration pipe. 

[0258] With structure 19, we showed an example of 
providing deflection plates 905A in three locations. From 
the perspective of averaging the flow volume distribu- 
tion, a variety of settings are possible for the number 
and position of deflection plates 905A. With structure 1 9, 
a deflection plate was provided on the purge gas supply 
side, but it is also possible to provide one on the raw 
material gas supply side. 

[0259] With structure 19, we showed an example of 
supplying purge gas in the axis direction. It is also pos- 
sible to use this in a case of supplying from the circum- 
ference direction as with structure 16. Conversely, with 
structure 16, it is also possible to provide a supply port 
in the axis direction as shown in figure 46. For the flow 
volume averaging mechanism and the heat stress sup- 
pression mechanism, it is possible to use suitable com- 
binations of the various mechanisms shown in struc- 
tures 16 through 19. 

[0260] Above, we explained various working exam- 
ples of the present invention, but the present invention 
is not limited to these working examples, and it is obvi- 



ous that various structures can be used without straying 
from the gist of the invention. 

INDUSTRIAL APPLICABILITY 

5 

[0261] The present invention can be used to improve 
the hydrogen separating performance and to make the 
device more compact for devices that generate hydro- 
gen-rich fuel gas from specified raw materials that con- 
to tain hydrogen atoms such as hydrocarbon, alcohol, 
ether, and aldehyde. 



1. A hydrogen separation composite that selectively 
transmits hydrogen in a gas, wherein the hydrogen 
separation composite is characterized by: 

20 comprising a porous support medium and a hy- 

drogen separation metal supported in said po- 
rous support medium, and 
said hydrogen separation metal being made to 
a finer diameter than that of the pores in said 
25 porous support medium, while also being sup- 

ported in the pores of said porous support me- 
dium in a state that fills the interior of said po- 
rous support medium. 

30 2. The hydrogen separation composite according to 
claim 1 wherein said hydrogen separation metal is 
supported in film form inside said pores. 

3. The hydrogen separation composite according to 
35 claim 1 wherein a catalyst that can be used for the 
chemical reaction that generates hydrogen from a 
specified raw material is further supported in the 
pores inside said porous support medium. 

40 4. The hydrogen separation composite according to 
claim 3 wherein said hydrogen separation metal 
and said catalyst are supported in layer form inside 
said porous support medium. 

^5 5. The hydrogen separation composite according to 
claim 4 wherein said catalyst is supported in a less 
dense state than said hydrogen separation metal 
inside said porous support medium. 

50 6. The hydrogen separation composite according to 
claim 5 wherein the physical structure of said po- 
rous support medium differs for the layer in which 
said hydrogen separation metal is supported and 
the layer in which said catalyst is supported. 

55 

7. The hydrogen separation composite according to 
claim 4 wherein the layer in which said hydrogen 
separation metal is supported and the layer in which 
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said catalyst is supported are formed from porous 
support mediums of different compositions. 

8. The hydrogen separation composite according to 
claim 1 characterized by having a bumpy shape in 
Ihe thickne^s drFe'ctiorT 

9. The hydrogen separation composite according to 
claim 1 characterized by further having at least one 
surface in the thickness direction be joined to a po- 
rous material that has a thickness that can ensure 
mechanical strength. 

10. A hydrogen separation composite that selectively 
transmits hydrogen in a gas, wherein the hydrogen 
separation composite is characterized by: 

having a porous support medium and having a 
hydrogen separation metal supported in said 
porous support medium, and 
said hydrogen separation metal being made to 
a finer diameter than that of the pores in said 
porous support medium, while mainly being 
supported in the pores inside said porous sup- 
port medium. 

11. The hydrogen separation composite according to 
claim 1 0 wherein said hydrogen separation metal is 
supported in film form inside said pores. 

12. The hydrogen separation composite according to 
claim 1 0 wherein a catalyst that can be used for the 
chemical reaction that generates hydrogen from a 
specified raw material is further supported in the 
pores inside said porous support medium. 

13. The hydrogen separation composite according to 
claim 12 wherein said hydrogen separation metal 
and said catalyst are supported in layer form inside 
said porous support medium. 

14. A method of manufacturing a hydrogen separation 
composite that selectively transmits hydrogen in a 
gas, wherein the manufacturing method comprises: 

a process of forming a porous support medium, 
a process of generating a solution that contains 
a substance to be supported that is to be sup- 
ported in the pores of said porous support me- 
dium, and 

a process of impregnating said solution in said 
porous support medium and then mainly pre- 
cipitating said substance to be supported into 
the pores of said porous support medium. 

15. A method of manufacturing a hydrogen separation 
composite that selectively transmits hydrogen in a 
gas, wherein the manufacturing method comprises: 



a process of forming a porous support medium, 
a process of refining the substance to be sup- 
ported that is to be supported in the pores of 
said porous support medium to have the same 
or a smaller diameter than that of the pores of 
said porous support medium, of mixing with an 
organic solvent, and of generating a viscous 
paste that can penetrate into said pores, and 
a process of coating said paste on said porous 
10 support medium, followed by baking, and then 

mainly supporting said substance to be sup- 
ported inside the pores of said porous support 
medium 

is 16. A method of manufacturing a hydrogen separation 
composite that selectively transmits hydrogen in a 
gas, wherein the manufacturing method comprises: 

a process of generating a mixture of the fine 
20 particles that form the porous support medium, 

the fine particles of the substance to be sup- 
ported, and an organic solvent, and 
a process of molding said mixture, baking it, 
and mainly supporting said substance to be 
25 supported inside the pores of said porous sup- 

port medium. 

17. The manufacturing method according to claim 16 
wherein before the process of generating said mix- 
30 ture, there is a process of supporting the fine parti- 
cles of said substance to be supported in the fine 
particles that form said porous support medium. 

18. A method of manufacturing a hydrogen separation 
35 composite that selectively transmits hydrogen in a 

gas, wherein the manufacturing method comprises: 

a process of forming a porous support medium 
for which hydrogen separation metal is support- 
40 ed in the pores, and 

a process of forming a film of said hydrogen 
separation metal inside said pores by further 
baking said porous support medium. 

45 19. A method of generating a mixed gas that contains 
hydrogen from specified raw materials using a 
chemical reaction, while also manufacturing a hy- 
drogen separation composite that selectively trans- 
mits hydrogen in said mixed gas, wherein the man- 
50 ufacturing method comprises: 

(a) a process of forming a first porous support 
medium in which a hydrogen separation metal 
is supported in the pores, 
55 (b) a process of forming a second porous sup- 

port medium in which a catalyst used for said 
chemical reaction is supported in the pores, 
and 
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(c) a process of joining as a single body said 
first and second porous support mediums. 

20. The manufacturing method according to claim 19 
wherein before said process (c), there is a process 5 
of baking said first porous support medium and 
forming a film of said hydrogen separation metal in- 
side the pores of said porous support medium. 

21. A method of generating a mixed gas that contains 
hydrogen from specified raw materials using a 
chemical reaction, while also manufacturing a hy- 
drogen separation composite that selectively trans- 
mits hydrogen in said mixed gas, wherein the man- 
ufacturing method comprises: 



22. The manufacturing method according to claim 21 
wherein at least two types of fine particles of differ- 
ent specific gravity are contained in the fine parti- 
cles that form said porous support. 30 

23. A method of generating a mixed gas that contains 
hydrogen from specified raw materials using a 
chemical reaction, while also manufacturing a hy- 
drogen separation composite that selectively trans- 35 
mits hydrogen in said mixed gas, wherein the man- 
ufacturing method comprises: 



membrane and then precipitating inside the 
pores. 

24. A fuel gas generating device that generates hydro- 
gen-rich fuel gas from specified raw materials 
wherein the fuel gas generating device comprises: 

a hydrogen separation composite that selec- 
tively transmits hydrogen in a gas, 
a supply unit that supplies mixed gas containing 
hydrogen generated from said raw materials 
using a chemical reaction in said hydrogen sep- 
aration composite, and 

an extraction unit that extracts hydrogen sepa- 
rated by said hydrogen separation composite, 

wherein said hydrogen separation composite 
has a porous support medium and a hydrogen sep- 
aration metal supported in the pores inside said po- 
rous support medium which is made finer than the 
diameter of the pores of said porous support mem- 
brane. 

25. The fuel gas generating device according to claim 
24 wherein 

said hydrogen separation composite is further 
equipped with a catalyst layer in which is supported 
a catalyst that is used for the chemical reaction that 
generates hydrogen from the specified raw materi- 
als, and 

said hydrogen separation composite is placed 
in a state in which the layer in which said catalyst is 
supported is in contact with said supply unit side. 

26. The fuel gas generating device according to claim 
24 wherein 

said supply unit has a structure whereby the 
cross section area of the flow path that supplies said 
mixed gas becomes narrower as it goes down- 
stream, and 

said extraction unit has a structure whereby 
the cross section area of the flow path that carries 
said fuel gas becomes wider as it goes down- 
stream. 

27. The fuel gas generating device according to claim 
24 wherein the fuel gas generating device 

is equipped with a carrier gas supply unit in 
which carrier gas that carries hydrogen flows to said 
extraction unit, and 

the flow direction of said carrier gas faces op- 
posite the flow direction of the mixed gas in said 
supply unit. 

28. The fuel gas generating device according to claim 
27 wherein 

said supply unit is a mechanism that gener- 
ates said mixed gas by mixing raw materials and 



a process of forming a porous support medium, 
a process of impregnating into said porous sup- 40 
port medium a solution that contains one of ei- 
ther a hydrogen separation metal or a catalyst 
used for said chemical reaction, 
a process of biasing the distribution of said so- 
lution in the thickness direction and then pre- 45 
cipitating the elements contained in the solution 
by making an environment that satisfies at least 
one of the following two conditions for the po- 
rous support medium impregnated with said so- 
lution: the condition of having a difference be- so 
tween the fluid pressure that works on one side 
of the thickness direction and the fluid pressure 
that works on the other side, and the condition 
of applying centrifugal force in the thickness di- 
rection, 55 
and a process of impregnating a solution con- 
taining the other of said hydrogen separation 
metal and catalyst into said porous support 
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15 



a process of generating a mixture of the fine 
particles that form the porous support medium, 
fine particles of a hydrogen separation metal, 
fine particles of a catalyst used for said chem- 20 
ical reaction, and an organic solvent, 
a process of using centrifugal separation to bias 
the distribution of each type of fine particle in 
said mixture, and 

a process of molding and baking said mixture. 25 
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29. 



steam, and 

said carrier gas is steam. 

The fuel gas generating device according to claim 
27 wherein 

said-supply~unit"is~a mechanisrrrthat~ge neg- 
ates said mixed gas from raw materials, and 

said carrier gas is a gas made by vaporizing 
said raw materials. 

30. A fuel gas generating device that generates hydro- 
gen-rich fuel gas from specified raw materials, 
wherein the fuel gas generating device comprises: 

a hydrogen separation composite that selec- 
tively transmits hydrogen in a gas, 
a supply unit that supplies a mixed gas contain- 
ing hydrogen generated from said raw material 
using a chemical reaction to said hydrogen sep- 
aration composite, and 

an extraction unit that extracts hydrogen that is 
separated using said hydrogen separation 
composite, and 

wherein said supply unit and extraction unit 
have the pressure adjusted so that the hydrogen 
partial pressure of the supply unit is higher than the 
hydrogen partial pressure of the extraction unit, and 
the total pressure on the supply side is lower than 
the total pressure on the extraction side. 

31. A fuel cell system that generates electricity using 
fuel gas that contains hydrogen generated by de- 
composing specified raw materials using a fuel gas 
generating device, wherein the fuel cell system 
comprises: 

the fuel gas generating device according to 
claim 24, 

a low temperature fuel cell, and 
a dehumidifying unit that dehumidifies the 
steam partial pressure inthefuel gas generated 
by said fuel gas generating device to a specified 
value or lower and supplies this to said fuel cell. 

32. A fuel cell system that generates electricity using 
fuel gas that contains hydrogen generated by de- 
composing specified raw materials using a fuel gas 
generating device, wherein the fuel cell system 
comprises: 

the fuel gas generating device according to 
claim 24, and 

a high temperature type fuel cell. 

33. A fuel gas generating device that generates fuel gas 
for fuel cells from specified raw materials, wherein 
the fuel gas generating device comprises: 
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a chemical reaction unit that generates a mixed 
gas that contains hydrogen from said raw ma- 
terials, 

and a carrier flow path that carries hydrogen 
separated from said mixed gas by flowing a 
specif iedcarrier-gasrand wherein 
one of the elements of said chemical reaction 
unit and carrier flow path is a pipe shaped flow 
path that is formed inside the other element us- 
ing a hydrogen separation composite that se- 
lectively transmits hydrogen in a gas, 

wherein said hydrogen separation composite 

has 

a porous support medium and a hydrogen 
separation metal that is finer than the diameter of 
the pores of said porous support medium that is 
supported in the pores inside said porous support 
medium. 

34. The fuel gas generating device according to claim 

33 wherein said one element is a pipe formed using 
said hydrogen separation composite and said pipe 
is provided in a state piercing inside the other ele- 
ment. 

35. The fuel gas generating device according to claim 

34 wherein 

said carrier flow path is formed from said pipe, 

and 

said chemical reaction unit supports a catalyst 
while also being formed by a porous material mon- 
olith provided with holes in which the pipe that is 
said carrier flow path is inserted. 

36. The fuel gas generating device according to claim 
34 wherein said chemical reaction unit is formed 
with a catalyst supported inside said pipe. 



*o 37. The fuel gas generating device according to claim 
34 wherein said pipe is made in a form having a 
curved pipe inside said other element. 

38. The fuel gas generating device according to claim 
37 wherein the hydrogen separation composite that 
forms said pipe is a composite that uses a metal 
porous material as said porous support medium. 

39. The fuel gas generating device according to claim 
50 37 wherein said pipe is equipped with a mechanism 

that allows removal of said curved part. 

40. The fuel gas generating device according to claim 
34 wherein said pipe is a double pipe for which an 

55 inner pipe for which both ends are open is inserted 
into an outer pipe for which one end is open. 

41. The fuel gas generating device according to claim 
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40 wherein 

the structure is such that with said double 
pipe, said chemical reaction unit is equipped with a 
reforming catalyst for reforming reactions in said in- 
ner pipe, and is equipped with a catalyst for a reac- 5 
tion to reduce carbon monoxide in the outer pipe. 

42. The fuel gas generating device according to claim 
34 wherein inside said other element which is 
pierced by said pipe, there is a suppression mech- io 
anism that, for that internal flow, suppresses the 
speed elements of the same direction as the flow 
direction within said pipe. 

43. The fuel gas generating device according to claim *5 
34 wherein there is a stirring mechanism that stirs 
gas inside said other elementthat said pipe pierces. 

44. The fuel gas generating device according to claim 

34 wherein 20 

there is a separating mechanism that sepa- 
rates said mixed gas and carrier gas at both ends 
of said pipe, and 

there is a suppression mechanism that sup- 
presses heat stress of said pipe at least at one end 25 
of said pipe. 

45. The fuel gas generating device according to claim 

44 wherein 

one end of said pipe pierces said separating so 
mechanism and this is supported as the free end 
that works as said suppression mechanism. 

46. The fuel gas generating device according to claim 

45 wherein 35 

the separating mechanism on the side on 
which said suppression mechanism is provided is a 
high pressure gas layer that supplies to both items 
an inert gas that has higher pressure than that of 
said mixed gas and carrier gas. *o 

47. The fuel gas generating device according to claim 
44 wherein 

said suppression mechanism is an expansion 
and contraction mechanism that can absorb heat *s 
distortion so that the overall length that includes 
said pipe and said suppression mechanism is 
roughly constant. 

48. The fuel gas generating device according to claim so 
33 wherein 

the fuel gas generating device has a porous 
material monolith on which is formed through holes, 

a hydrogen separation layer in which is sup- 
ported said hydrogen separation metal is formed in- 55 
side the porous substance around said through 
holes, 

catalyst supporting areas in which a catalyst 



used for said chemical reaction is supported are 
formed at areas other than said hydrogen separa- 
tion layer inside said porous material, and 

wherein said catalyst supporting areas be- 
come said chemical reaction unit and said hydrogen 
separation unit, and the through holes become said 
carrier flow path. 

49. The fuel gas generating device according to claim 
33 wherein the fuel gas generating device compris- 
es: 

a raw material supply mechanism that supplies 
to said chemical reaction unit raw material gas 
for which said raw materials have been vapor- 
ized, and 

a carrier gas supply mechanism that supplies 
said carrier gas to said carrier flow path, and 
wherein 

there is provided at least at one of said raw ma- 
terial supply mechanism and carrier gas supply 
mechanism a flow volume averaging mecha- 
nism that suppresses bias of the flow volume 
distribution to said chemical reaction unit or 
said carrier flow path. 
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